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JOURNAL 
WATERWAYS AND HARBORS DIVISION 


Proceedings of the American Society of Civil Engineers 


DEVELOPING PORT FACILITIES ON HOUSTON’S SHIP CHANNEL 


Frank H. Newnam Jr.,! M. ASCE 
(Proc. Paper 965) 


SYNOPSIS 


In the past virtually all wharves, both public and private, at the Port of 
Houston have been of the marginal type because of the unusual nature of the 
Houston Ship Channel. Unlike most deep water ports, the turning basin of the 
Port of Houston is 50 miles from the open sea (Gulf of Mexico) and was de- 
veloped by dredging out a narrow, shallow, winding stream known as Buffalo 
Bayou. As an inducement to industry, a strip of land 2,500 feet deep on each 
side of the center of the channel was taken into the City of Houston but de- 
clared exempt from City taxes. This forced the development of industrial 
facilities and their private wharves to be as close as possible to the channel 
and helped to dictate the utilization of marginal wharves. 

The property owned by the Port of Houston, on which its present public 
wharves are located, is relatively shallow in depth, and its wharves have also 
been of the marginal type. The Port has recently, however, acquired a tract 
of land of sufficient depth to permit consideration of the construction of pier 
type wharves and slips. Because of this fact and the desirability of properly 
planning in advance for the most economical ultimate layout of the new area, 
a detailed study was made to develop an approved plan of development for this 
area and the estimated cost of the incremental parts. These studies included 
visits to other major deep water ports of the nation and conferences with rep- 
resentatives of the various agencies that will utilize the new facilities. 

As a result of these studies a table of basic criteria and dimensions was 
adopted for marginal type and pier type facilities. After careful study of 
_“ several possible schemes of layout the marginal wharf type of development 

was recommended as the most satisfactory for the site conditions. 
; Research on the subject at the start of the study revealed a paucity of in- 
formation and basic criteria on this subject. It is believed, therefore, that 
the criteria developed, factors considered and conclusions reached will be of 
value to others who may be considering an expansion of port facilities. 


Note: Discussion open until October 1, 1956. Paper 965 is part of the copyrighted 
Journal of the Waterways and Harbors Division of the American Society of Civil 
Engineers, Vol. 82, No. WW3, May, 1956. 


1. Partner, Lockwood, Andrews & Newman, Cons. Engrs., Houston, Tex. 
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INTRODUCTION 


The Houston Ship Channel is probably the most unusual deep water port in 
the nation. As shown in Figure 1, the harbor frontage commonly referred to 
as the Port of Houston extends on both sides of the Houston Ship Channel for a 
distance of 25 miles. The turning basin, at the head of deep water navigation, 
is 50 miles from the Gulf of Mexico and 58-1/2 miles from the end of the jet- 
ties. The upper portion of this channel has a bottom width of 250 feet and a 
depth of 36 feet, but a proposed ultimate project depth of 40 feet and channel 
wicth of 300 feet. The history of the ship channel is interesting because local 
interests paid one-half of the initial cost of construction in a field where the 
Federal Government has traditionally assumed all of this burden. For the 
past few years the Houston Ship Channel has ranked second of the deep water 
ports of the nation in the amount of tonnage handled. 

In order to attract industry, a strip of land 2,500 feet deep on each side of 
the center of the channel was taken into the city of Houston but declared 
exempt from city taxes. This forced the development of industrial facilities 
to be as close as possible to the channel and helped to dictate the utilization 
of marginal type wharves. 

While the Harris County-Houston Ship Channel Navigation District, usually 
referred to as the Port of Houston, owns and operates considerable port fa- 
cilities, these facilities are a small percentage of the total along the ship 
channel. The tracts of land owned by the District are relatively shallow in 
depth and therefore all wharves constructed by it to date have also been of 
the marginal type. 

A few years ago, however, the Port of Houston purchased a tract of land 
southeast of the public grain elevator and less than one mile downstream from 
the turning basin, which, together with two small adjacent tracts planned for 
purchase, contains some 328 acres and sufficient depth to permit, for virtual- 
ly the first time, consideration of the construction of slips. This property has 
a total channel frontage of 9,000 feet and an average depth of some 1,600 feet. 
The tract is easily served by adjacent roads, utilities and railroads. 

An important factor in the consideration of its development is the topog- 
raphy of the land which is at elevation plus 25 to 30 feet along the channel and 
rises to an elevation of approximately plus 40 feet at the rear. The disposal 
of spoil from the area will present an item of considerable expense inasmuch 
as the closest dumping grounds for hydraulic spoil disposal are more than 
one mile away, and considerably further for spoil that is hauled away in vehi- 
cles. It might be added parenthetically that the problem of providing spoil 
disposal areas for maintenance dredging, and widening and deepening opera- 
tions, is rapidly becoming a serious problem for the upper section of the ship 
channel. 

The 328 acre tract of land is the last tract of any size that is available to 
the Port of Houston near the turning basin for the expansion of its port facili- 
ties. Since the tract has sufficient depth to permit the consideration of “finger 
pier” or “slip” type of construction, as well as the “marginal wharf” type, it 
was decided that thorough engineering studies be made in order to determine 
in advance the most advantageous layout of wharf and dock facilities for the 
area, including all supporting facilities and operations such as shipping, 
trucking, railroads, handling and storage of cargo, utilities and roads. It was 
also desired, of course, to obtain preliminary estimates of construction costs 
of the facilities included in each of the schemes considered, 
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The Port engaged the two Houston consulting engineering firms of Robert 
J. Cummins and Lockwood & Andrews to jointly make this study. These engi- 
neering studies and recommendations will make it possible for the Port of 
Houston to adopt a full layout pian of the area so that its development by 
stages will eventually produce the best layout of facilities for the entire area, 

While numerous layouts were considered, essentially the comparison was 
between the “marginal wharf” type and the “finger pier” type of marine ter- 
minal facilities, and only these two basic schemes are discussed herein. One 
basic structural design of the wharf and pier substructure; namely, the de- 
sign used for Wharf No. 8, the newest wharf at the Port, was selected and 
used in all schemes for the sole purpose of developing comparative cost data, 
based on 1955 prices, It was recognized that detailed analyses and probably 
different designs would have to be made for each separate facility at the time 
that contract plans and specifications are prepared. 


Extent of Investigations and Studies 


The schemes for development of the area, and the recommendations con- 
tained in this study, evolved from: 


a) A study of the principal features of the site, including location, topog- 
raphy, utilities, transportation facilities, and probable future usage; 

b) Preliminary development of several basic types of layout that could be 
considered for the site; 

c) Scheduled conferences and consultations with port officials of the Port 
of Houston and port officials of other major ports, railroad officials, shippers, 
truckers, and other interests pertinent to the operation of the facilities and 
handling of cargo, etc.; 

d) Visits to and observations of the latest facilities of several major ports 
of the United States, including San Francisco, New York, Seattle, Mobile, Long 
Beach, Los Angeles, and New Orleans; 

e) A study of written material published by port officials, surveys by vari- 
ous organizations, and governmental publications; 

f) An overall study of the various schemes developed for the utilization of 
the new area, comparative cost data, and the particular anticipated needs of 
the Port of Houston. 


Information from Inspection of Other Major Ports 


General 


The major ports of San Francisco, New York, Long Beach, Los Angeles, 
New Orleans, Seattle, and Mobile were visited for the purpose of observing 
the most recent and modern layouts of marine terminal facilities, of both 
marginal wharf and finger pier type, and to discuss such layouts with, and to 
receive the recommendations of, key port officials (both operators and engi- 
neers) of each port authority. Basic dimensions, arrangement of facilities, 
amount of storage and handling space desirable, and other such principal 
features of both the finger and marginal type piers were discussed. The ad- 
vantages and disadvantages, from an operation standpoint, of the use of finger 
type piers and marginal type wharves or combinations of the two types, were 
discussed and recommendations were sought concerning the best utilization 
and development of the property included in this study. 
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The information gained in observing the new wharf facilities at each of 
these major ports has served as an invaluable guide and “check” in these 
studies. Likewise, the observing of older and outmoded installations has 
been beneficial in that the faults and deficiencies of such layouts or arrange- 
ments stressed by the port officials serve as adequate warning in the planning 
of similar type installations. In weighing the information and recommenda- 
tions received, the basic differences between the ports observed and the Port 
of Houston (such as types of cargo handled, arrangement and size of water- 
ways, configuration of waterfront, land space, access to waterfront, types of 
land transportation principally used in handling cargo, etc.) were considered 
in preparing the layouts of wharves and other facilities for the particular land 
involved in this study. 


San Francisco 


The marine terminal facilities serving the Port of San Francisco are 
virtually all of the pier type located along the west shore line of San Fran- 
cisco Bay. This Bay with its vast area of deep water provides ample space 
for anchorages and the proper handling and turning of vessels, and therefore 
is ideally suited for finger type piers. Since this is one of the older ports of 
the nation, the majority of the piers were designed for the days when virtually 
ail of the land shipment was by rail. At the present time such shipments are 
approximately 25%by rail and 75% by truck. New facilities at this port, such 
as the Mission Rock Terminal, make full provision for a large paved area in- 
side of the pier for the maneuvering, parking and docking of a large number 
of trucks. 

It was recommended that piers be only one ship’s length, 800 feet to 850 
feet long, because of the difficulty of berthing the inside ships for piers that 
are two ships in length. Where the latter are used, however, they should be 
1,200 to 1,400 feet in length. In either case, piers should be wide enough to 
permit a ship to be berthed across the end of the pier. Other recommenda- 
tions included: 


a) Width of slips, one ship length: 225 feet minimum, 300 feet desirable; 
b) Width of transit shed: 200 feet desirable; 

c) Width of paved area between back aprons: 125 feet minimum; 

d) No railroad trackage in transit sheds; 

e) Dock height for trucks: 48 inches desirable; 

f) Width of rear apron: 15 feet. 


New York 


New York is the largest and one of the oldest ports of the nation, has a 
variety of wharf types, but the finger pier type of construction predominates. 
For all the port facilities there is ample area of water in front of the wharves 
to permit the maneuvering of vessels during docking operations without inter- 
ferring with the other water traffic. 

One of the newest facilities, and apparently considered in the area to be 
one of the most satisfactory, is Port Newark located on a large artificial 
channel connecting into the west shore of Newark Bay. This facility is of the 
marginal wharf type and is considered to be more efficient and satisfactory 
from the standpoint of operation than any of the finger pier type of wharves. 
Two matters of interest on this facility are (1) the offices located in each 


< 
\ 
* 
4 
| 
=: 
‘ 
4 
~ 
| 
| 
3 
q 


ASCE NEWNAM 965-5 


shed opposite each berth at a second story level, which permits full view of 
all operations and provides storage space under the offices, and (2) special 
cargo rooms, with heat, for valuable cargo storage in the sheds. 

Some 80 to 90 percent of land shipments are by truck, and a 100 foot wide 
area is paved behind the rear apron of the transit sheds. The Port Manager 
also emphasized the advantage of having large paved areas behind and sepa- 
rated from the shed area which can be used for open stcrage and trans- 
handling of items that are not fast moving. 

The officials of the Port of New York Authority, as in the case of the Port 
of San Francisco, felt that the ideal width for a transit shed was 200 feet. 
They also felt that a minimum distance of 900 feet beyond the end of piers was 
needed for the maneuvering of vessels in docking for this type of facility. 

This 900 feet would be exclusive of any space required for the passage of 
other vessels. 
Other recommendations included: 


a) Transit shed area per berth: minimum of 90,000 square feet for Class 
A berths; 45,000 to 90,000 square feet for Class B berths; 

b) Width of slips: 300 feet minimum if at right angles to the channel; 
otherwise wider; 

c) Width of front apron: 50 feet; 

d) Width of rear apron: 17 feet with an 18 foot canopy; 

e) Dock height for trucks: 48 inches; 

f) Lighting in transit sheds: Industrial type fluorescent lighting at 20 foot 
centers providing 8 foot candles in warehouse area, plus transparent sheets 
in roof for daylight help. 


Long Beach 


The Port of Long Beach is essentially a man made harbor consisting of an 
inner and outer harbor area and a large number of modern facilities con- 
structed by the Port of Long Beach and the U. S. Navy. Although both pier 
and marginal wharves are operated, Port officials expressed their belief that 
marginal are most desirable and economical to operate. Here again the new 
transit sheds are 200 feet in width and a clear height of 20 feet was desirable. 
The wharf apron is 50 feet in width with two railroad tracks, 9 and 22 feet 
from the fender line. There are two spotting tracks and one running track 
behind the sheds. 

There is a 300 foot open wharf and storage area between sheds, which 
££ ramps from wharf apron level at the front to track level behind the shed, and 
the wharf lead tracks run up on this ramp grade. This scheme presents an 
easy truck and railroad car approach to the wharf apron, and apparently does 
not present any handicap in handling cargo on this open storage area. 


Los Angeles 


This port also has both the finger pier and marginal type wharves located 
at San Pedro Bay which provides ample space for the maneuvering of vessels. 
Front apron widths were generally 35 to 37 feet, rear aprons 16 feet wide with 
16 feet canopies, and transit shed widths 200 feet. Paved areas 100 to 150 
feet wide were provided behind the transit sheds for the maneuvering and 
docking of trucks. The open wharf between sheds is ramped up from truck 
and track level behind the shed to the wharf apron level. 
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The piers and slips on terminal island fronting the main channel are built 
diagonally to the channel with slips 300 feet in width and 100 feet in length 
and piers approximately 450 feet wide. These are considered ideally suited 
for the operational needs of the railroads, which handle a majority of the ton- 
nage, with the railroad classification and storage yard located immediately 
behind the end of the slip. 


New Orleans 


The marine terminal facilities of the Port of New Orleans are located 
along the Mississippi River in Louisiana and consist generally of marginal 
type wharves. The Mississippi River is sufficiently wide to permit the safe 
handling and berthing of ships at piers, but the developed area adjacent to the 
river in New Orleans restrict the depth of land available for such terminal 
facilities. 

Many of the marine facilities at New Orleans are quite old and are out- 
dated, and because of the extensive use of manual labor in handling cargo in 
this area, many of the transit sheds are 100 feet or less in width, There is 
a minimum of railroad tracks and very little yard space, as a major part of 
the cargo is handled by trucks. 

The Port of New Orleans is correcting many of its unsatisfactory condi- 
tions in constructing the new Napoleon Avenue Wharf which will have a wharf 
apron 47 feet wide, a transit shed 200 feet wide with a 19 feet clear height, 
and a rear apron 30 feet wide with a 15 foot canopy. 


Mobile 


The most modern facility at this port is a marginal wharf type marine 
terminal with a 30 foot wide apron, a 200 foot wide transit shed with a clear 
height of 20 feet. As in the case of the Port of Newark, there is an office at 
second story level for each berth. The loading apron at the back of the shed 
is 25 feet wide and differs from most of the other new facilities in that no 
permanent cover is provided. 


Seattle 


Seattle has two harbors, one a fresh water harbor serving the lakes, and 
the other a salt water harbor with the principal facilities located in Elliott 
Bay. This is a spacious, deep sheltered body of water, free of hazards to 
navigation and ideally suited to the pier type layout, and the majority of facili- 
ties are of this type. The observations made in this visit, and comments and 
drawings furnished by port officials, have served to add useful data for 
studies of pier type layouts. 


Conferences with Using Agencies 


General 


Conferences were scheduled with railroad officials, operators of steam- 
ship and stevedoring companies and representatives of trucking interests. A 
separate conference was scheduled with each group, since each interest had 
its own operational requirements and it was the main purpose of these con- 
ferences to obtain a frank discussion of the basic needs and operation re- 
quirements of each group and to incorporate their recommendations and 


ae 
3 
4 
q 
: 


965-7 


proposals, insofar as possible, in the layout of the new terminal facilities. 
Since these interests are necessarily conflicting in many respects, the final 
. layout and arrangement must necessarily be a compromise. 


Steamship and Stevedoring Companies 


Ny All steamship and stevedoring company representatives, without qualifica- 
; tion, favored the marginal wharf type layout. The use of this type facilitates 
* the berthing of ships and is considered safer in general for the handling and 
berthing of ships in the comparatively small water front area provided by the 
Houston Ship Channel. They felt that the pier type construction would result 
in slow, costly and hazardous berthing operations on the narrow channel and 
that any type of finger pier layout should provide a minimum distance of 900 
feet from the end of the pier to the far edge of the ship channel in order that 
ships may safely enter and leave slips. This 900 feet does not include any 
room for the passing of other vessels, which fact would delay traffic on the 
ship channel. 
These operators agree generally upon the following minimum basic dimen- 
sions and arrangements of facilities for the finger pier type of layout: 


a) Width of slip 300 feet 
b) Slip length (1 ship length) 800 feet 
c) Width of warehouse (transit shed) 200 feet + 
d) Overhead clearance in warehouse 18 feet 
e) Width of paved loading area between warehouses 
(transit sheds) 150 feet 
f) Width of front apron 50 feet 
g) Width of rear loading platform (rear loading 
platform should be covered) 20 feet 
h) Number of railroad tracks on front apron 2 
i) Number of tracks back of each warehouse 2 
j) Double RR crossovers, front apron 1 at center of each berth 
k) Single RR crossovers, front apron 1 at each end of berth 


Ay 1) Front apron tracks should be far enough apart to 
” permit operation of crane on second track. 


The controlling dimensions and basic arrangements agreed upon for mar- 
ginal type wharf layouts are the same as above except as follows: 


: ke a) Width of paved loading area behind warehouse 
: (transit shed) 100 feet 


b) Number of railroad tracks on front apron (need 
running track along with two spotting tracks as 
tracks serve a greater number of berths than in 
the finger pier type layout) 3 


c) Number of railroad tracks at rear of warehouse 

for marginal type wharf could be a minimum of 2 
tracks, but preference for 3 tracks expressed by 
the entire group 
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Railroad Companies 


In the conferences with representatives of the various operating railroads, 
these representatives all agreed that the finger type layout is most desirable 
from the standpoint of the operation requirements of the railroads, as this 
layout affects the most economical and simplest switching and handling of 
cars within the wharf area and makes it possible to reduce the time required 
in moving cars from the spotting tracks at the loading aprons to the car 
storage yards. 

These representatives agreed to the following factors as being desirable 
and applicable to both the marginal and finger pier type construction: 


a) A maximum grade of 1%for connecting tracks. 

b) A minimum curve of 12° 30', except in a few special critical areas 
where 15% curves will be satisfactory. 

c) A minimum spacing between adjacent tracks of 13 feet, although in order 
to provide double crossovers the limited space available at the front apron 
may require an increased spacing of approximately 19 feet. 

d) A storage yard capable of 500 cars for the entire area with storage 
track lengths of approximately 50 car lengths. 


For marginal type wharf, three tracks, two spotting tracks and one running 
track, would be desirable for the front apron with a single crossover at the 
end of each berth extended to the running track adjacent to the transit shed, 
An outlet from the running track to the storage yard should be located at the 
end of each warehouse. 

At the rear of the rear apron there should be two spotting tracks, with the 
first track 8-1/2 feet from the rear apron edge, and the second track 13 feet 
on centers behind and the rearmost (running) track approximately 100 feet 
from the rear apron edge to allow for truck loading and unloading at the rear 
apron. Crossovers for these tracks should be provided at the end of each 
warehouse. The independent switching of cars for each berth could also be 
obtained by having independent “dead-end” spotting tracks at each berth, with 
lead-ins from the running track at one end of each berth. 


Trucking Companies 


Representatives of the trucking companies had no particular preference 
between the marginal wharf and finger pier type layout provided that a paved 
area 100 feet deep is provided behind the rear apron for marginal type 
wharves and a 150 foot paved loading area is provided between back aprons 
of warehouses for finger piers. 

They recommended that the rear aprons of warehouses be 20 feet in width 
covered for the full width, with a platform height of 48 inches. 

This group recommended driving lanes inside the transit sheds to permit 
the handling of large volumes of packaged merchandise, such as sugar, flour 
and salt. Clear span inside should be 18 feet minimum with a few 18 foot high 
doors, although a 10 foot or 12 foot door height was considered generally sat- 
isfactory for truck handling. 

This group also recommended that one large (150 ton) and one small load- 
ing device be provided for loading and unloading cargo in the open storage 
area. They also requested ample space for parking and turning of trucks in 
the parking and holding areas. They pointed out the increasingly higher per- 
centage of land shipments by trucks instead of by rail from major ports of 
the country. 
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Other References 


Numerous other references were studied which furnished useful data ccn- 
cerning desirable basic dimensions and layout of marine terminal facilities. 
These included Governmental publications such as the Port Series published 
E by the Corps of Engineers, Department of the Army, and the U. S. Maritime 
a Commission, and the annual report of the Port Development and Construction 
Committee of the American Association of Port Authorities. This Committee 
sent questionnaires concerning basic dimensions of terminal facilities to vari- 
ous ports and a second set of questionnaires to steamship and stevedore com- 
panies on the Pacific Coast for use in future development at the Port of Long 
Beach, California. The information contained from these questionnaires is 
summarized in the following table. 


SUMMARY OF ANSWERS TO QUESTIONNAIRE FORWARDED TO 
STEAMSHIP AND STEVEDORING COMPANIES REGARDING 
PROPOSED PORT OF LONG BEACH HARBOR FACILITIES 


Harbor Facility Min. Max. Avg. 


Depth, at low water, of main channel 
to outer and inner harbor 32' 40' 40' 


Bottom width of main channel to outer 
and inner harbor 


300" 2000' 600' 
Depth of slips alongside marine terminals 32' 40' 35' 


Width of slips between piers of approximately 
2000' length 300° 500° 400' 


Length of berth for largest ocean going vessel 500' 1200' 850' 
Length of berth for average size ocean going vessel 450' 600" 500' 


Width of transit shed 


Vertical clearance between floor and lower 
chord of truss in shed 16' 25' 20' 


Longitudinal widths between columns 30' 75° 40' 


 £ Water-side door openings continuous every every 
: or every other panel continuous other other 
panel panel 


140° 250' 200° 


Land-side door openings continuous every every 

v or every other panel continuous other other 

panel panel 

Vertical clearance of waterside door openings 12° 20' 16' 

Vertical clearance of landside door openings 12" 18" 14' 

Widths of waterside door openings 12" 22' 18' 
Widths of landside door openings 12' 20' 16' x | 


Vertical clearance of door openings in end of shed 14" 25° 20' 
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Harbor Facility Min. Max. Avg. 
Width of door openings in end of shed (2 doors) 14' 20' 18' 
One story or two story transit sheds favored one one one 


Width of roadway space between sheds 


(including track facilities) 150' 500' 200' 
Width of rear loading platform of transit shed 10° 15' 12' 
Number of railroad tracks on apron wharf of shed 2 2 2 
Number of spot tracks in rear of transit shed 2 3 2 


Basic Dimensions and Criteria Adopted 


After reviewing and analysing all of the data previously described, it was 
deemed necessary to adopt certain standards for basic dimensions, arrange- 
ment of facilities, and other criteria that is common to the various wharf 
facilities so as to compare alternate schemes on an equivalent basis. While 
an attempt was made to select the dimensions and criteria that appeared at 
this time to be the most satisfactory for these facilities, it was emphasized 
that each separate facility should receive more thorough and careful analysis 
during the preparation of contract plans and specifications and that many of 
these basic dimensions can be varied to suit the particular facility so long as 
it does not interfere with the ultimate coordinated development of the layout 
that is finally selected and adopted for this area. 

For the marginal wharf type of development, a pattern was adopted which 
provided two berths with sheds followed by one open wharf. Since each berth 
was 600 feet long, and the shed allocated to each covered berth only 500 feet 
long, the spacing of sheds along the wharf required considerable study, and 
first consideration was given to centering the sheds on each berth. This left 
an open space between sheds that apparently would have little use, therefore, 
it was deemed more desirable to place the two 500 foot sheds together and 
make one shed 1,000 feet long, with firewalls. This arrangement leaves the 
open wharf between sheds 800 feet long on the marginal type facility. It 
should be mentioned that the arrangement of two berths with sheds followed 
by one berth with open wharf not only provides an economical balance between 
the relative needs for open storage and sheds, but also permits railroad en- 
trance to the front tracks at each third berth. 

In adopting criteria and dimensions for transit sheds, no provisions were 
made for truck and railroad car traffic inside the shed as part of the normal 
cargo handling operation because of the problem of pilferage. However, it is 
possible under the schemes presented herein for trucks to enter the shed 
from the rear side or the ends. 

The visits to other major ports of the United States have indicated the 
wide-spread use of, and the urgent need for, paved areas behind the wharf 
facilities for personnel parking, holding yards for trucks, and open cargo 
storage. At the time of building new marine terminal facilities, thorough 
studies should be made to determine the quantity and location of such paved 
areas. Although the exact usage cannot be defined at this time, the need for 
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such paved areas has been recognized in this study and an amount has been 
included in the cost estimate for such paved areas located along the access 
road paralleling the waterfront and for a truck holding yard. 

The design water depth at the fender line was selected as elevation minus 
40 because this is the project depth for the Houston Ship Channel. The eleva- 
tion of the wharf apron at adjoining Wharf 16 is elevation plus 18. However, 
the two newest wharves in the turning basin area are at elevation plus 21. 
Elevation plus 20 was selected as the apron height in the new area because a 
two foot differential can be tied into Wharf 16 without too long a transition 
section. The reasons for selecting elevation plus 20 or 21 for aprons at this 
port are: 


a) The high ground on which the wharves must be built makes a high eleva- 
tion desirable from the standpoint of economy in the removal of earth and 
connection with adjacent railroads; 

b) The steamship and stevedoring companies prefer the high elevation; 

c) While infrequent, the combination of high tides from tropical hurri- 
canes, plus heavy rainfall in Buffalo Bayou and San Jacinto River (which 
usually accompanies tropical hurricanes) can produce extremely high water 
levels in the ship channel. 


The basic dimensions and arrangements adopted are listed in Table 1. 
Figure 2 shows the principal dimensions and elevations for a typical section 
of wharf and shed under the marginal wharf plan of development. Figure 3 
shows the principal dimensions and elevations for slip, shed and area between 
sheds on a typical cross section of the finger pier plan of development. 

At the beginning of the studies every effort was made to find previous re- 
ports, articles, or other publications that furnished criteria and basic dimen- 
sions for the development of marginal type and/or pier type wharf facilities. 
Remarkably little information was found to be published on this subject. 
Therefore it is believed that these criteria, even though they are considerably 
modified for other locations and conditions, will be of value to others con- 
fronted with a similar problem of planning the layout of terminal facilities. 


Analysis of the Two Basic Layouts Considered 


General 


After a preliminary study of various possible layouts of facilities, four 
schemes were prepared for the best utilization and development of marine 
terminal and supporting facilities in the area under study. Of the four 
schemes, one was entirely marginal wharves, one entirely piers and slips, 
and two schemes were combinations of the two. It was found that the de- 
cision rested between the two basic types of layouts, therefore only the two 
basic schemes are considered herein. Figure 4 shows the marginal type 
wharf plan of development and Figure 5 shows the finger pier type wharf 
plan of development. Each scheme has some advantages and some disadvan- 
tages, therefore the final choice should be based upon 2 careful analysis of 
these factors. 


Marginal Type Wharf Plan of Development 


The best layout utilizing marginal type wharves is shown on Figure 4, 
wherein transit sheds and wharf aprons parallel the ship channel. This plan 


= 

spa? 

7 
oN 
Be 
7 
a 
4 
g 
= 
q 
‘ 
Ee 
5 


Ww 3 
TABLE 1 


BASIC DIMENSIONS AND CRITERIA ADOPTED 


DIMENSION 
ITEM OR CRITERIA 


Wharf Apron 
Height above M.L.W. 20' ! 
Width 50' 


Transit Shed 


Width 200' 
Length per Berth 500' 
Clear Height (Bottom of roof truss to floor) 20' 
Width of Rear Loading Platform 20' 
Width of Canopy, Rear Loading Platform 


(extended to centerline of first track) 28'-6" 


Width of Paved Loading Area Back of Shed 
Marginal Wharves 100' 
Finger Piers (distance between rear 

loading platforms) 
Length per Berth (Marginal Type) 
Single Slip Length (Pier Type) 


Width of Slip (Pier Type) 


Railroads 


General 
Minimum Track Spacing 13' 
Maximum Degree of Curvature 
(where economically possible) 12° 30' 
Maximum Grade (where 
economically possible) 1,0 percent 
. Storage Yard Capacity 500 cars 
4 Length of Storage Yard 50 car length 
Marginal Type 
Number of Tracks, Wharf Apron 3 
Number of Tracks, B ehind Shed 3 
Double RR Crossovers, Wharf Apron 
(between spotting tracks) 1 at center of each berth 


Single RR Crossovers, Wharf Apron 

(between spotting tracks and 

extended to running track) 1 at each end of berth 
Single RR Crossovers, Behind shed 

(independent switching of cars at 

each berth) 1 at each end of shed 


Pier Type 
Number of Tracks, Wharf Apron 2 

Number of Tracks, Behind Shed 2 

Single RR Crossovers, Behind Shed 

(independent switching of cars at 

each berth, where more than one 

berth length of pier) 1 centered between berths 
Double RR Crossovers, Wharf 

Apron 1 at center of each berth 


Roadways 
Main Road Width 44' 
Access Road Width 


Design Depth of Water at Fender Line 
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provides for 15 new berths; 10 first class covered steamship berths and 5 
open wharves. Because of the small scale the railroads are not shown on 
Figure 4, however, the location of railroads in relation to the front apron 
and rear apron are shown in cross-section on Figure 2. From the running 
track in the rear, and from the classification yard, railroad tracks connect 
with the tracks on the front of the apron by crossing each open wharf. There 
are two tracks entering across each open wharf, one passing to the transit 
shed on the south and the other passing to the front of the transit shed on the 
north of the open wharf. 

The marginal wharf type layout is considered safer, and best suited for 
navigation operations on the type of waterfront provided by the Houston Ship 
Channel, consisting of relatively narrow waterway on a meandering alignment. 
This scheme is preferred by both steamship and stevedoring companies and 
is considered to be the best scheme for the safest and also most economical 
handling and berthing of ships. 

This layout required less depth of land area and far less spoil of excavated 
materials than the finger pier type of layout. Quantities of excavated and 
dredged materials to be spoiled are approximately one-sixteenth the quanti- 
ties required in the scheme using piers, as hereinafter reflected in the cost 
estimate which indicates the total costs of excavation and spoil of such mate- 
rials. In addition to any cost savings, the selection of this scheme would 
mean that considerably less spoil would be placed in the dumping grounds 
across Clinton Drive. Such dumping grounds are needed for long term 
maintenance dredging in the ship channel, and since all areas around the 
turning basin are becoming highly developed and industrialized, such spoil 
areas are becoming increasingly harder to obtain. A further advantage of 
this scheme is that no land is lost to dredging behind the harbor line and the 
depth of land not used for waterfront facilities may be used for open storage, 
personnel parking, truck holding yards, storage warehouses and for other 
needs which may arise in the future. 

There are no slips or waterways behind the harbor line in this scheme as 
in the other. Therefore the Federal Government will maintain the ship chan- 
nel at project depth, and up to within 50 feet of the fender line of the wharves. 

The unbroken waterfront apron of this scheme facilitates the moving of 
cargo in emergency operations from one shed or berth to another shed or to 
a waiting ship up or down the channel. This type of waterfront also provides 
ready access and ample space for fire boats during fires, and fires at one 
berth would be more remote from, and therefore less hazardous to, other 
berths than in schemes utilizing pier type construction. 

The 100 foot wide paved area behind transit sheds provides ample room 
for the maneuvering and parking of trucks, and trucks have access to the full 
length and the ends of every transit shed. Since the running track behind 
sheds serves the entire waterfront, the rail traffic through the paved area is 
heavier in this scheme than the other; however, there are fewer tracks cross- 
ing the access road which parallels the waterfront than in the pier type lay- 
outs. 

The railroads do not consider this scheme as desirable as the finger pier 
type facility, inasmuch as they consider the pier type facility provides the 
better scheme for the most economical handling and switching of cars be- 
tween the wharf apron and the storage and classification yard. 

Fewer lineal feet of bulkhead per berth are required for wharves of the 
marginal type than in the pier and slip type, since end treatment of slips and 
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extra length of slips over berthing distance are required in pier and slip type 
of wharf facilities. 

This type layout has one-fourth less berths, since the marginal wharf lay- 
out parallels the channel and does not utilize any land depth for berthing 
space. 


Finger Pier Type Wharf Plan of Development 


Figure 5 shows the apparent best layout utilizing this type of pier, which 
has the major advantage of providing the greatest number of berths (20) for 
the area, as compared to 15 berths for marginal type layout. In addition it 
would be physically possible to add additional berths in the future by increas- 
ing the length of some of the slips and re-arranging tracks and paving. Here 
again, for the sake of clarity on the small scale map, the railroad lines them- 
selves are not shown on Figure 5. A connection is made between classifica- 
tion yard and the running track extending the full length of the area to the 
tracks on the front apron and behind the rear platform, which tracks are 
shown on the typical section in Figure 3. There are no railroads inside of 
the transit sheds or at the ends of the bulkheads. 

Nineteen covered berths provide a gross shed area of 1,900,000 square 
feet as compared to almost half that amount in the marginal wharf type layout; 
however, this scheme has only one open wharf and possibly more open storage 
space would be found to be desirable during actual development. The cost per 
berth in this scheme is considerably higher, since a greater length of bulk- 
head is required per berth than in the marginal wharf construction. 

Concerning navigation and the berthing of ships, the advantages enumerated 
above for the marginal wharves are reversed in this layout, in that the rela- 
tively narrow and meandering ship channel does not provide the open water- 
front space that usually accompanies finger pier layouts. At least 900 feet is 
needed from the end of the piers to the far edge of the channel for the safe 
berthing of ships, with no allowance for passing of other ships in the channel. 
This arrangement would hinder traffic in the ship channel. 

The layout of berths at an angle to the channel, and conformance with the 
clear distance requirements discussed above, results in 106 acres of land 
lost to dredging behind the harbor line and considerable loss of land depth 
needed for open storage and parking areas in the rear. The slips in this 
scheme are waterways behind the harbor line and outside of the scope of 
dredging operations now being performed by the Federal Government in 
maintaining the ship channel at project depth; therefore, the dredging of the 
slips, as well as the area between the channel and piers, would have to be a 
maintenance expense of the Port of Houston. The land required by the piers 
at the downstream end of the property results in the use of the total depth of 
land at that end of the area under study. In addition to the loss of land depth, 
this scheme has the greatest amount of dredged material to be hauled over 
the relatively long haul distances and spoiled in the dumping grounds now 
used for long term maintenance dredging spoils. 

In this scheme, there are no tracks on the wharf apron and behind sheds 
which serve the entire waterfront area and therefore there would be less rail 
traffic in these paved areas; however this scheme has the greatest number of 
tracks crossing the access road which parallels and serves the waterfront 
area, 

Railroad officials definitely prefer this scheme and it is generally 
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considered that the pier layout is best suited for the most economical switch- 
ing of cars in the wharf area. 


Cost Comparison 


Preliminary cost estimates have been developed for each of the two layouts 
: under study and these cost data and other information used in evaluating and 
he comparing the cost totals is shown in Table 2. As described heretofore under 
“Purpose and Scope,” one basic structural design of the wharf and pier struc- 
tures was selected and used in all schemes in order to develop the compara- 
tive cost data, based on 1955 prices, and is not intended to indicate proposed 
structural design. Preliminary structural design studies were not within the 
scope of this study and should be based on thorough field investigations of 
soil and site conditions for each wharf site whenever contract plans are pre- 
pared, 

The estimated cost of each scheme does not include amounts required for 
land acquisition, legal fees, bond and other financing costs. The total cost of 
each scheme is based on the consideration that any scheme adopted would un- 
doubtedly be developed in increments over a period of years and is not in- 
tended to represent the estimated cost of constructing all the facilities of a 
scheme at one time. 

As shown in Table 2, the marginal wharf layout has the lower total cost. 
Items which vary with the arrangement of facilities in each scheme, such as 
number of berths, number of open wharves, and total gross shed area, must 
necessarily be included as factors in evaluating the total estimated cost for 
each scheme. These factors of evaluation are included in Table 2 immediate- 
ly below the total cost figures. 

Using these evaluation factors, the total cost per scheme was reduced to 
cost per berth, with all marine terminal facilities included, and the cost per 
berth of the marginal wharf layout is the lower. 

Since the gross shed area per scheme varies from 1,000,000 to 1,900,000 
square feet, the truest comparison of cost is reflected in the last item which 
shows “cost per berth, less sheds,” and the cost per berth is again lower for 
the marginal wharf type layout. 

The fact that the marginal wharf layout is lower in cost per berth, even 
with transit sheds excluded from cost figures, is attributed largely to the ex- 
cess amount of bulkhead required per berth in the pier and slip type layout, 
as compared to the marginal type layout. The excavating, dredging, and spoil 
items also increase the unit cost per berth of the pier type construction above 
the unit cost per berth of the marginal wharf type construction. 


CONCLUSIONS 


These conclusions evolved from studies and comparisons of all schemes 
considered for development of the area, the two basic type schemes prepared 
for the particular area under study using basic criteria and dimensions 
adopted after numerous conferences with Houston operators and port authori- 
ties, visits to other major ports in the United States, studies of bulletins and 
reports published by various port authorities, and after an overall study of 
the information thus obtained in order to apply it to the area being considered. 
The conclusions are as follows: 
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TABLE 2 


COST ESTIMATE COMPARISON 


Marginal Wharf Finger Pier 
Description Type Layout Type Layout 


Wharf structure from front fender 

through 2nd rear RR track, in- 

cluding transit shed floor and 

apron floor $21,175,000 $39, 600, 000 


Transit shed superstructure, 
including electrical, plumbing, etc. 
inside shed (no sprinkling) 3, 500, 000 6, 650, 000 


All dredging to front of fender line, 
including spoil disposal 125, 000 1, 656, 000 


Land excavation and spoil disposal 
not included in Items 1 and 3 720, 500 953, 000 


Access road, concrete paving and 
drainage necessary thereto 242, 324 231,075 


Overpass 250, 000 250, 000 
Underpass 200, 000 200, 000 


Additional paved areas not included 
in Item 1 482,000 432,000 


Railroads, except those included 
with wharf structures and 
appurtenant drainage 675, 000 639, 000 


Utilities to Wharf Area 102, 000 82, 000 


Fencing, Site Grading & Drainage, 
and Miscellaneous 500, 000 500, 000 


Total $ 27,971,825 $ 51,193,075 
+15% Engineering and 
Contingencies 4, 195,775 7, 678,960 


TOTAL ESTIMATED COST $ 32,167,600 $ 58,872,035 


No. of Berths 15 20 
Cost Per Berth $ 2,144,505 $ 2,943,600 
No. of covered berths 10 19 


No. of open wharves 5 1 
Gross Shed Area (sq. ft.) 1, 000, 000 1,900, 000 


Area Behind Harbor Line 
Lost to Dredging (Ac) 106 


Cost Per Berth, Less Sheds 
(Incl, Engineering and 
Contingencies) $ 1,876,175 $ 2,561,225 
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a) Cost comparison favors marginal wharves. This scheme has the least 
cost per berth (less sheds), $1,876,175 as compared to $2,561,225, and the 
least total cost, $32,167,600, as compared to $58,872,035 for the finger pier 
type. 

b) The pier type layout can be utilized for the site, but is less suitable for 
berthing operations, in that the limited waterfront area provided by the rela- 
tively narrow ship channel is not as satisfactory as large open bays and wide 
rivers that usually prevail in the areas where finger piers are used. 

c) The pier type layout provides more berths (20) than the other scheme, 
by utilizing land depth as well as channel frontage for berthing spaces. 

d) The use of the pier type layout would result in the greatest amount of 
land (106 acres) lost to dredging behind the harbor line as compared to vir- 
tually none for the marginal wharf type. 

e) The least cost for maintenance dredging would be for the marginal wharf 
type layout since the maintenance dredging of the ship channel (to within 50 
feet of the fender line) is paid for by the Federal Government and the main- 
tenance dredging of slips behind the harbor line would be paid for by the 
Navigation District. 

f) The marginal wharf type requires a relatively small quantity (834,000 
cubic yards) of dredged material from in front of the fender line (as compared 
to 13,800,000 cubic yards for the pier type), to be spoiled, thus selection of this 
layout would conserve the port owned dumping grounds which are needed for 
long term maintenance dredging operations in the turning basin area. 

g) The pier and slip layout provides the best arrangement of facilities for 
railroad operations. The marginal wharf layout provides the best arrange- 
ment of facilities for trucking, steamship and stevedoring operations. Truck- 
ers, which now handle a major portion of the cargo, would have access to the 
full length and both ends of sheds in the marginal wharf layout. 

h) The unbroken waterfront apron of the marginal wharves provides ready 
means of moving cargo along the waterfront in emergency operations from 
one shed to another shed or to a waiting ship up or down the channel. 

i) In case of fire in a moored ship, one moored at a marginal wharf is more 
accessible to a fire boat than one moored in a slip. The U-shaped transit 
sheds of the pier type layout, with three sheds under one roof, present a 
greater hazard from fires and explosions than the marginal type. 


RECOMMENDATIONS 


Based on the findings and conclusions listed herein, it is recommended that 
the marginal wharf layout shown on Figure 4, estimated to cost $32,167,600, 
be adopted by the Port of Houston for the ultim ate development of this area. 
Each of the schemes has advantages and disadvantages; however, the advan- 
tages of this scheme, which outweigh advantages of the finger pier type and 
which effected this recommendation, are briefly summarized as follows: 


a) It is least in construction cost; 

b) It provides the easiest berthing for ships, with least interference to 
other traffic in the channel; 

c) It best satisfies the operational needs of steamship, stevedoring, and 
trucking companies; 
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d) It utilizes the land area to the greatest possible extent, with less land 
lost to dredging operations; 

e) The cost of long term maintenance dredging to maintain project depth 
is least; 

f) It best conserves the port owned dumping grounds for long term main- 
tenance dredging operations; 

g) The hazard from waterfront fires and explosions is least; 

h) The unbroken wharf apron provides ready means for emergency handling 
of cargo between adjacent sheds or ships along the waterfront. 
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JOURNAL 
~WATERWAYS AND HARBORS DIVISION 


Proceedings of the American Society of Civil Engineers 


FLOOD PROTECTION AT WICHITA AND VALLEY CENTER, KAN. 


Myron W. DeGeer,! A.M. ASCE 
(Proc. Paper 966) 


SYNOPSIS 


The City of Wichita and its suburban areas are vulnerable to damage from 
floods originating on three streams—Chisholm Creek, the Little Arkansas 
River, and the Arkansas River itself. Following a severe flood in 1923, local 
agencies expended substantial sums in improvement of Chisholm Creek and 
the Little Arkansas River. The completed works were not capable of prevent- 
ing heavy losses from floods that occurred in 1944 and 1945. Following the 
1944 flood, design studies were made by the Corps of Engineers, basically as 
a review of a project authorized by the Congress in 1936 for flood protection 
of Wichita and Valley Center, Kansas. From those studies a system of leveed 
floodways and diversion channels was developed that collected flood flows 
from the three streams at a point above Wichita and carried those flows to 
the west of the City, rejoining the Arkansas River below Wichita, and utilizing 
existing stream channels below the diversion points to carry flood flows to the 
extent of the channel capacities. Construction of the project, with the City of 
Wichita and Sedgwick County as cosponsors, was started in 1950, and is pres- 
ently scheduled for completion in 1958. 


INTRODUCTION 


Wichita, Kansas, an urban center of over 200,000 population, is situated in 
the valley of the Arkansas River, at its junction with the Little Arkansas 
River. It was first a frontier trading post, then a railhead for Texas cattle 
moving north on the Chisholm Trail, and then, with the opening of the plains 
for settlement, a center of agricultural trade. Today it is still an important 
agricultural market. It is also the center of the petroleum industry in central 
Kansas, but of even more importance, it is the site of a major aircraft manu- 
facturing industry. 


Note: Discussion open until October 1, 1956. Paper 966 is part of the copyrighted 
Journal of the Waterways and Harbors Division of the American Society of Civil 
Engineers, Vol. 82, No. WW 3, May, 1956. 

1. Asst. Chief, Eng. Div., Tulsa Dist., Corps of Engrs., U. S. Dept. of the 
Army, Tulsa, Okla. 
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The level terrain of the broad valley offers a pleasant site for a city. It 
simplifies many of the problems that often confront the builder in areas of 
greater relief. At Wichita, the first settlement was near the mouth of the 
Little Arkansas River, and through the years the City grew from that center, 
spreading north along the Little Arkansas and eastward across the Chisholm 
Creek drainage, without much attention being given to the possibility of flood- 
ing from these streams. 

The urban area, however, was vulnerable to damage from three sources: 
Chisholm Creek, with its fan-shaped watershed lying in the low hills border- 
ing the valley to the east and north; the Little Arkansas River, with its larger 
drainage in the rolling plains to the north and northwest, and reaching to the 
Kansas River Basin; and the Arkansas River itself, with its much larger basin 
to the west, rising in the Rocky Mountains, and near Wichita, receiving the in- 
flow of the Pawnee River, Walnut and Cow Creeks, and other smaller tribu- 
taries. 

By the 1920’s, Wichita had grown to a population of nearly 75,000. Floods 
had not particularly hindered the City’s growth, although there had been a 
major flood in 1877, which caused little damage because the developed urban 
area was small, and a flood of about the same magnitude in 1904, which caused 
severe damage to the area then developed. In June 1923, however, heavy rains 
over the Little Arkansas River and Chisholm Creek, when the Arkansas River 
was about three-fourths full, caused heavy damage in the City. The maximum 
flood limits on the Arkansas River, Big Slough and Cowskin Creeks, as shown 
on the map, Figure 1, were established by this flood. 

During the next decade, over $1,000,000 was spent by the City, Sedgwick 
County, and the North Wichita Drainage District for channel improvement on 
Chisholm Creek and the Little Arkansas River. This work resulted in a sys- 
tem of channels and low levees that could control moderate floods in the bet- 
ter improved reaches, and could control minor floods throughout the urban 
area. Dredging of sand and gravel for construction material from the bed of 
the Arkansas River had been controlled by state agencies through the years, 
so that the Arkansas River channel through the City could carry the maximum 
floods of record. 


Project Authorization 


In the late 1920’s, Congress authorized the Corps of Engineers to study 
most of the major river basins in the United States. Flood control, power, 
and other water problems on the Arkansas River were investigated under this 
authority. Studies of the Arkansas River at Wichita were included in the “308” 
report, as it was known. 

Of the plans considered, that selected as preferable included draining the 
East Branch of Chisholm Creek into the Wichita Drainage Canal, rectifying 
and enlarging Chisholm Creek and diverting it into the Little Arkansas River, 
diverting the Little Arkansas River by a floodway beginning northwest of Val- 
ley Center and extending about three miles south to the Arkansas River, and 
constructing a floodway intercepting the Arkansas River at the mouth of the 
Little Arkansas River Floodway and following the general course of Big 
Slough to the Arkansas River downstream from Wichita, together with levees 
along the right bank of the Arkansas River from near Colwich to the Big 
Slough Floodway, and from the southern portion of Wichita to the lower end of 
the floodway. The estimated cost of these works was $2,895,615 for 
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construction and $1,774,560 for lands and damages, a total of $4,670,179. 

Design flows for major elements of the project included Chisholm Creek 
Diversion, 11,000 c.f.s,; Little Arkansas Floodway, 25,000 c.f.s.; and Big 
Slough Floodway, 60,000 c.f.s. 

The project selected in the “308” report as the most desirable was author- 
ized for construction by the Congress in the 1936 Flood Control Act as 
“Wichita and Valley Center, on Arkansas River in Kansas and vicinity.” 

As with other projects authorized by that act, local interests were re- 
quired to provide lands and rights-of-way; hold and save the United States 
free from damages due to the construction works; and maintain and operate 
all the works after completion. 

For several reasons, including a public belief that the works then com- 
pleted by the local agencies were adequate for protection from major floods, 
there was little interest in construction of the authorized project. Conse- 
quently, its initiation awaited an impetus that came only from disaster. 


The 1944 and 1945 Floods 


That disaster occurred in April of 1944. Rains occurring on April 22 and 
23, averaging 4.87 inches over Chisholm Creek and 2.95 inches over the Little 
Arkansas, produced peak flows of 26,600 c.f.s. on the Arkansas River at 
Douglas Avenue; 26,300 c.f.s. in the Little Arkansas River at Valley Center; 
and 15,200 c.f.s. on the Wichita Drainage Canal at its upper end. Flooding 
lasted five days in Wichita, with the damage being heaviest in the industrial 
and stockyards area in north Wichita along Chisholm Creek and in the resi- 
dential areas along the Little Arkansas River and the Wichita Drainage Canal. 
Maximum flood plain limits on Chisholm Creek were set by this flood. Esti- 
mated damage in the urban area was over $3,000,000. 

This major flood was followed a year later by another of nearly the same 
magnitude. The April 1945 flood, however, was more severe on the Little 
Arkansas than the 1944 flood, establishing the flood plain limits shown on the 
accompanying map. Rains on April 10 through 16 of 4.48 inches over the 
drainage area produced a peak flow of 32,000 c.f.s. at Valley Center on 
April 16, with a peak flow of 19,700 c.f.s. on the Arkansas River at Wichita 
on April 17. There was only minor flooding on Chisholm Creek, as the heavy 
rainfall was concentrated in the Little Arkansas Basin. Damage from the 
flood was largely on the Little Arkansas, with total damage in the area being 
nearly $1,000,000. 

Following the 1944 flood, there was a strong public demand for an organ- 
ized effort to develop a plan for the control of floods in the urban area. Asa 
result, civic leaders asked the Tulsa District, Corps of Engineers, to review 
the authorized project and, if possible, develop a plan for the protection of the 
area from future damage by floods. 

In late 1944, studies were begun by the District, culminating in August 1945 
in the completion of a definite project report. 


The Design Problem 


Briefly, the objective of the studies was to review the design of the author- 
ized project, considering such elements as the urban development that had 
taken place in the area and the experience gained in design of such structures 
since the basic project studies were made. From this review, augmented by 
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additional studies of the hydrology of the area and with much more detailed 
survey and other basic data than were previously available, the authorized 
project design could then be retained or modified as required to provide the 
area with needed protection from floods. 

The first step was development of design floods for the project. The storm 
of August 15-17, 1932, with center at Enid, Oklahoma, was selected for trans- 
position as a basis for trial analyses, to develop comparable hydrographs from 
the various contributing areas, which could be modified by comparison with 
experienced data to obtain the project design floods. 

As adopted, the project design flood discharges were based on a compari- 
son with experienced floods over a period of more than 40 years and consid- 
eration of engineering and economic limitations. With the exception of East 
Branch of Chisholm Creek, the design discharges ranged from 69 to 100 per- 
cent greater than the maximum discharges of record. On the East Branch, 
the design discharge, which is 46 percent larger than the computed maximum 
experienced flood, was based on the capacity of the existing Wichita Drainage 
Canal, after improvement. 

The maximum flood of record and the project design floods at key points 
are shown in Table 1. 


Alternative Solutions 


Two alternative solutions were found to be possible. Preliminary studies 
indicated that control of Chisholm Creek floods could not be economically ac- 
complished by improving and enlarging the Wichita Drainage Canal, nor could 
these floods be diverted into the existing Arkansas or Little Arkansas River 
channels during concurrent floods on those streams. Therefore, it was con- 
cluded that either the channels of these two streams would have to be im- 
proved to carry flood flows from Chisholm Creek in addition to their own dis- 
charge, or large portions of the combined flows would have to be diverted 
through floodways. 

Of these two basic plans, cost estimates for the plan contemplating im- 
provement of existing channels indicated relatively high total costs for re- 
locations and required internal drainage facilities, and high unit cost for 
right-of-way. The plan utilizing diversion through floodways had lower total 
costs for relocations, internal drainage facilities and rights-of-way; however, 
the construction cost was somewhat higher for this plan, so that the total cost 
for each of these basic plans was essentially the same. Both were feasible of 
construction and were economically justified. 

Both plans were presented to the local interests for their consideration. 
Because of the difficulties involved in interior drainage with the river chan- 
nel improved through the City and the indicated high cost of required reloca- 
tions, and since it would not provide protection to as large an area as would 
the alternative floodway plan, the plan for diversion through floodways was 
adopted by the City of Wichita, the sponsoring local agency. This plan is 
shown on the accompanying map. 

Essentially, this plan is identical with the authorized project. It was found 
during the studies that minor changes in the Chisholm Creek portion would 
result in a more economical facility, and the routing of the downstream part 
of the Big Slough Floodway was changed to also intercept Cowskin Creek and 
empty into the Arkansas River some miles below the mouth of Big Slough. 
This latter modification included part of another authorized project for flood 
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TABLE 1 


FLOOD FLOW AT KEY POINTS 


Point 


Chisholm Creek 
Above Mile 11.5 (1) 
West Branch 
Middle Branch 
Above Mile 8.5 (2) 
East Branch 


Little Arkansas River 
at Valley Center 


Arkansas River 
Above mouth of Little 
Arkansas River 16,600 
Below mouth of Little 
Arkansas River 26,600 (3) 


Head of Chisholm Creek Diversion. 
Flow would have been 40,000 c.f.s. under 
confined conditions. 


Notes: e Head of Chisholm Creek Interception Canal. 
2 
3 


i 
| 
Maximum Project 
Flood of Design 4 
Record Flood as 
4,800 9,500 
2,500 5,000 
11,700 20,000 
4 100 6,000 
~ 
32,000 59,000 
31, 500 ae 
4 
72,000 
di 
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protection on the right bank of the Arkansas River below Big Slough, and pro- 
tected several thousand additional acres of agricultural lands. Further, it 
avoided an area along Big Slough where an existing oil field and suburban 
developments would have increased the cost of right-of-way. 


The Adopted Project 


As developed from these studies, control of flood flows on Chisholm Creek, 
on the Little Arkansas and Arkansas Rivers, and on Big Slough and Cowskin 
Creeks would be accomplished by the following major units of the project, as 
shown on the map and as described below: 


1) Big Slough-Cowskin Floodway 

2) Little Arkansas River Floodway 

3) Chisholm Creek Diversion 

4) Arkansas River Levees 

5) East Branch Interception Canal and Wichita Drainage Canal 
6) Riverside Levees 


Beginning at the hill line, where Big Slough enters the Arkansas River 
Valley from the west, about 15 miles northwest of Wichita, Big Slough will be 
diverted to the Arkansas River by a channel, leveed on the downstream side. 
This levee will continue as the right bank Arkansas River Levee for 13.5 
miles downstream to the Big Slough-Cowskin Floodway. The Little Arkansas 
River Floodway will empty into the Arkansas River about six miles above the 
entrance to the Big Slough-Cowskin Floodway. This structure will intercept 
the Little Arkansas about two miles northwest of Valley Center and will be 
about three miles in length, The east bank Arkansas River Levee will extend 
from the mouth of the Little Arkansas Floodway to the mouth of the Chisholm 
Creek Diversion. 

Chisholm Creek will be diverted by a leveed channel about three miles long, 
beginning at the mouth of Middle Branch and extending southwest across the 
Little Arkansas to empty into the Arkansas River at the Big Slough-Cowskin 
Floodway. Above the point of diversion, the channels of Middle Branch, 
Chisholm Creek, and West Branch will be improved and leveed to the hill line. 
Backwater levees will extend about one mile up the Little Arkansas. 

From its beginning, the Big Slough-Cowskin Floodway will carry flood 
flows to the west of the City. It will intercept Big Slough two miles west of 
Wichita and Cowskin Creek about five miles southwest of Wichita, and will 
empty into the Arkansas River near Derby, about ten miles south of Wichita. 

Other construction will include the improvement of East Branch of 
Chisholm Creek and of the Wichita Drainage Canal and the construction of the 
Riverside Levee along the right bank of the Arkansas River from the south 
side of Wichita to the mouth of the Big Slough-Cowskin Floodway. 

Ungated control structures will be provided on the Little Arkansas River 
at the Little Arkansas Floodway, and at the Chisholm Creek Diversion; on 
the Arkansas at the upstream end of the Big Slough-Cowskin Floodway; and 
on Big Slough and Cowskin Creek where these streams will leave the flood- 
way. These structures will be so designed that normal stream flows will 
follow their present courses, but flows during floods will be limited to chan- 
nel capacity or less. 

Interior drainage from the leveed areas will reach the channels through 
gated drainage structures, with provisions for ponding during flood periods. 
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Levee grades for the project will be based on four feet of freeboard on 
those levees protecting urban areas, and three feet where agricultural areas 
will be protected, except that where excess excavation is available a four-foot 
freeboard will be provided. 

Because of the well-developed rail and highway net in the area, extensive 
alteration and relocation of these facilities will be required. On the Big 
Slough-Cowskin Floodway alone, construction of six railroad and three major 
highway crossings will be involved. To decrease the required length of 
bridges, the floodway section will be changed at these locations, with the de- 
pressed central channel being widened and the levees brought closer together. 
Generally, low chord on the bridges will be at least two feet above design 
water surface. 

Other railroad and major highway changes will be required in connection 
with the Little Arkansas River Floodway and the Chisholm Creek Diversion. 

The estimated cost of the project at the time of the definite project studies 
was $9,853,000. Of this amount, the Federal cost was estimated as 
$6,911,000 and the non-Federal cost, $2,942,000. Annual charges were esti- 
mated as $435,300 and annual benefits $439,100, so that the benefit-cost ratio 
was essentially 1 to 1. 


Project Construction 


On June 14, 1945, the Tulsa District was advised that the City of Wichita 
was willing and able to furnish the necessary assurances of local cooperation 
for the selected project plan. Formal assurances were submitted by the City 
on August 14, 1945, and on May 6, 1947, Sedgwick County joined the City as a 


cosponsor for the project. 

The initial appropriation for construction was made by the Congress for 
fiscal year 1947; however, because of legal difficulties, the City was unable 
to proceed with the procurement of right-of-way at that time. Actual con- 
struction was initiated on May 8, 1950, on the East Branch Interception Canal 
and the Wichita Drainage Canal. This work was followed by initiation of the 
Big Slough-Cowskin Floodway on June 9, 1950. 

Construction of the Big Slough-Cowskin Floodway is complete except for 
railroad and highway relocations. It is anticipated that the floodway will be 
completed and that the diversion of the Arkansas River will be made by the 
late summer of 1956, thus providing protection from Arkansas River floods. 

The Arkansas River Training Levees have been completed, and work will 
start on the Little Arkansas River Floodway in late 1955. Completion of this 
portion of the project is scheduled for the summer of 1957, followed by com- 
pletion of the Chisholm Creek Diversion in the summer of 1958. The project 
is about 60 percent complete at this time. 

Since 1945, costs of construction have increased materially, as have the 
costs of lands required for rights-of-way. As a consequence, the present 
estimated cost of the project is $19,580,000, of which $13,000,000 is Federal 
cost and $6,580,000 will be borne by the local interests; however, because of 
the continued growth of the City and the increase in value of the developed 
area, the project has a benefit-cost ratio greater than in 1945, 
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CONCLUSION 


Losses from past floods at Wichita have been severe, and the potential 
damages from future floods are high. The flood problem can be solved by 
conventional means; however, that solution involves complex hydrologic and 
hydraulic design problems. Construction of the required floodways and di- 
version channels is expensive because of their magnitude, the high cost of 
right-of-way in this urban area, and the required alterations to the extensive 
rail and highway network. The construction of the needed works is under way, 


and will be completed in 1958. 
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Proceedings of the American Society of Civil Engineers 


IMPROVING THE GULF INTRACOASTAL CANAL IN TEXAS 


Willard P. McCrone,! M. ASCE 
(Proc. Paper 967) 


SYNOPSIS 


As a result of increased traffic, the users of the Gulf Intracoastal Water- 
way have requested that the size of the present canal be increased in the 
reach extending from New Orleans, Louisiana, to Brownsville, Texas. The 
United States Congress authorized the Corps of Engineers to study this pro- 
posal on 11 June 1952. Enlargement of the section of the Gulf Intracoastal 
Waterway in Texas would afford a considerable economy in operation of the 
typical barge tows that it is anticipated would operate on the waterway. The 
studies and analyses made of the costs and benefits of enlargement of the 
waterway are discussed in this paper. The estimates of costs and benefits 
given in this paper represent only the views of the author and are subject to 
modification before their inclusion in any report on this waterway that may 
be made by the Chief of Engineers to Congress. 


Description 


The Gulf Intracoastal Waterway stretches along the coast of the Gulf of 
Mexico from Florida to Texas. The main channel extends from Appalachee 
Bay Florida across the states of Alabama, Mississippi, Louisiana, and Texas, 
and provides a navigable channel with a minimum depth of 12 feet and a bot- 
tom width of 125 feet except between Mobile, Alabama, and New Orleans, 
Louisiana, where the channel has a bottom width of 150 feet. The waterway 
is an authorized Federal project that was constructed and is maintained by 
the Corps of Engineers of the U. S. Army. 

The Texas section of the existing main channel of the Gulf Intracoastal 
Waterway begins at the junction of the Lake Charles Deepwater Channel and 
the Sabine River near Orange, Texas. It extends southwesterly along the 
Texas Gulf Coast to near Brownsville, Texas, a channel distance of about 420 
miles via existing and authorized main channel cut-offs. The waterway 
traverses the Texas Gulf Coast plain at distances of one-half to 22 miles from 


Note: Discussion open until October 1, 1956. Paper 967 is part of the copyrighted 
Journal of the Waterways and Harbors Division of the American Society of Civil 
Engineers, Vol. 82, No. WW3, May, 1956. 


1. Colonel, Dist. Engr., Galveston Dist., Corps of Engineers, U. S. Dept. of 
the Army, Galveston, Tex. 
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the coast of the Gulf of Mexico, and lies, generally, in the low coastal 
marshes, a region of low relief crossed by river drainage systems and 
coastal bays. Adjacent land elevations range from mean low tide to three 
feet above. Depths in the lakes and bays crossed by the waterway range from 
less than one foot to 13 feet deep. Many branch channels in the bays and 
rivers have been improved and constitute “feeders,” or tributary channels, to 
the main channel. Plate 1 shows the location of the Gulf Intracoastal Water- 
way and adjacent area in Texas. 

From the eastern end of the Texas section, the main channel coincides 
with the deepwater channels of the Sabine-Neches Waterway that extend along 
the Sabine River and the northwest shoreline of Sabine Lake to near the 
southern limit of Port Arthur, Texas, a distance of about 23 miles. These 
deepwater channels have authorized dimensions of 30 feet deep and 200 feet 
wide in the Sabine River and across the northern part of Sabine Lake to the 
Neches River, a distance of about 11 miles, and 36 feet deep and 400 feet 
wide in the other 12 miles of deep channel. 

From the southern limit of Port Arthur, the main channel extends south- 
westerly, generally across low lying marshy lands, to the deepwater Houston 
Ship Channel in Galveston Bay near Port Bolivar, a distance of about 62 
miles. See photo 1. In the vicinity of Port Bolivar, the main channel con- 
nects with the deepwater Texas City Channel and has a connection with the 
deepwater Galveston Channel. From the Houston Ship Channel, the main 
channel extends in a southwesterly direction for a distance of about 44 miles 
to an intersection with the deepwater channel of Freeport Harbor, thence for 
about 140 miles to a connection with the deepwater Port Aransas-Corpus 
Christi Waterway near Port Aransas, Texas. See photos 2 and 3 of major 
river crossings in this section. In this 189-mile reach, about 43 miles of the 
main channel traverses lands varying from low salt marshes and tidal flats 
to marginal grazing lands with an elevation of about two feet. Seventy-two 
miles of the channel are located adjacent to the north shore of coastal bays 
where dredging spoil placed on the bayside of the channel has provided a pro- 
tective embankment averaging about 5 feet high. Relocation of the main chan- 
nel along the northwest shore of Redfish Bay between Aransas Bay and Corpus 
Christi Bay, a distance of about 17.2 miles, authorized by the River and Har- 
bor Act of July 24, 1946, has not yet been undertaken because funds have not 
yet been appropriated for this purpose. About 79 miles of the channel are 
located across open coastal bay waters. 

Going southwest, the main channel coincides with the Port Aransas-Corpus 
Christi Waterway and the deepwater Encinal Peninsula Channel for a distance 
of 12 miles extending from Port Aransas to a point about 12 miles east of 
Corpus Christi, Texas. Thence the channel extends southward across Corpus 
Christi Bay to Laguna Madre and through the Laguna Madre to the turning 
basin at Port Isabel, Texas, a distance of 126 miles. The main channel then 
extends, through the deepwater channels to Port Isabel and Brownsville, to 
the turning basin near Brownsville, a distance of about 15 miles. 

The Texas section of the Gulf Intracoastal Waterway is tidal throughout 
its length. The mean tidal range is 0.5 foot at Orange, 1.0 foot at Port 
Arthur, 1.3 feet in Galveston Bay, 1.5 feet at Freeport, 1.0 foot in Matagorda 
Bay, 1.0 foot in San Antonio Bay, 1.0 at Corpus Christi, 1.5 feet at Port Isabel, 
and 1.0 foot at Brownsville. The height of tides is dependent, largely, on the 
wind blowing at any given time. Strong north winds have depressed the water 
surface as much as 2 feet while tropical hurricanes have caused heights as 
much as 15 feet above mean low tide. 
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There are nine shallow-draft tributary channels to the Texas section of the 
waterway, authorized under the project for the Gulf Intracoastal Waterway. 
There also are six shallow-draft channels, authorized under different projects, 
that are tributary to the Intracoastal Waterway in Texas. These channels, 
with project dimensions and stage of completion, are listed in table 1: 


TABLE 1 


AUTHORIZED TRIBUTARY CHANNELS TO 
GULF INTRACOASTAL WATERWAY IN TEXAS 


Authorized dimensions | 


below MLT | width basin Length 
Name of channel feet feet feet miles 
Tributaries under the Gulf Intracoastal Waterway project 


San Bernard River Channel 
Colorado River Channel 
Channel to Palacios 

Channel to Rockport 

Channel to Aransas Pass 
Channel to Barroom Bay 
Channel to Victoria 

Channel to Port Mansfield 
Arroyo Colorado to Harlingen 


Mir 

NI Fooronoo 


Tributaries under separate Federal projects 


Trinity River, Channel to 
Liberty 

Cedar Bayou, Texas 

Clear Creek & Clear Lake 

Dickinson Bayou 

Chocolate Bayou 

Port Lavaca Channel 


(1) ‘Turning basins are to be provided by the local interests. 
History 


The development of protected navigation channels along the Texas coast 
was one of the very earliest public and private improvements. As early as 
1874, the State of Texas constructed a shallow-draft channel between Aransas 
Bay and Corpus Christi Bay. A number of other small channels were dredged 
by public and private interests through shell reefs in the coastal bays and 
through the land separating the hays. Federal improvement of these connect- 
ing shallow-draft navigation channels in Texas started about 1892, with the 
first early work on the route of the present Intracoastal Waterway. The chan- 
nel at that time was 5 feet deep by 40 feet wide, which was ample for the 
shallow-draft sail boats and launches that navigated the coastal bays. In 1925, 
studies of the requirements of barges and towboats in use at that time led to 
the authorization of dimensions of 9 feet in depth and 100 feet in bottom width 


; 

| Depth _| Bottom | Turning | Completed 
length 
& 
9 100 (1) 31.0 
q 100 400x500 17.0 
9 100 (1) 5.7 Sa 
9 200 (1) 2.0 a 
2 125 300x2200 6.1 
12 125 400x600 1.4 
12 125 400x500 33.0 
(1) 

% 9 150 500x500 48.9 23.2 

4 10 100 None 12.5 3.2 

60 None 9.2 9.2 

4 6 60 None 11.4 11.4 i 

100 None 3.0 3.0 

100 None 42.2 22.0 
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for the main channel of the Gulf Intracoastal Waterway between Corpus 
Christi and the Sabine-Neches Waterway. 

During the 1930’s, the increase in size and speed of towboats and barges 
and the rapidly expanding commerce moved over the waterway taxed the 
capacity of the channel. On July 23, 1942, enlargement of the channel to a 
depth of 12 feet and a bottom width of 125 feet was authorized by the Congress 
of the United States throughout the length of the Intracoastal Waterway in 
Texas, from the Sabine River to the Rio Grande. 

In the post-war years, the amount of commerce carried on the enlarged 
Gulf Intracoastal Waterway has multiplied many times. The barges and tow- 
boats increased in size and the towboats increased in power. The equipment 
now in use on the channel is unable to operate at full efficiency because of the 
restricted depth and width of the channel. Because of this condition, the Corps 
of Engineers was authorized by Congress to again study the feasibility and 
economic justification of further enlargement of the waterway. 


Investigations 


Investigation of navigating conditions revealed that large tows of 2 and 3 or 
more barges with widths up to 54 feet and loaded drafts of 9 to 10 feet were 
being operated on the channel at a low efficiency. The excessive drag on 
these tows at normal operating speeds required greatly increased power from 
the towboats, and, in most instances, reduced the speed of tows in the main 
channel by an appreciable amount. The object of the study was to determine 
the enlargement of the waterway that could be justified by the saving in trans- 


portation costs that would be realized by more efficient operation of tows on 
the waterway. 

In order to determine the most feasible plan of channel enlargement, 
studies were made of channels of various widths and depths. Preliminary 
studies indicated that deepening of the channel would provide the cheapest 
method of obtaining more efficient vessel operation. Accordingly, detail 
studies were limited to channels with depth of 18 feet and widths on bottom 
of 125,200,250 and 300 feet. Estimates of costs of the channel enlargements 
were based on studies of earth excavation, rights-of-way and spoil area re- 
quirements, and pipe line, utility, and bridge alterations. Detailed studies 
were made of the cost of maintenance of the existing and enlarged channels. 

One question that arose, early in the planning studies of this project, was 
the question of enlarging the numerous structures that cross the canal. These 
structures include bridges, locks, pipe lines, and aerial wire crossings. Pipe 
line and aerial wire crossings can be altered at relatively small cost; how- 
ever, the bridges and locks present a much more costly problem. 

There are 13 bridges across the main channel of the Gulf Intracoastal 
Waterway in Texas, of which two are railroad bridges and 11 are highway 
bridges. Only one of the bridges is a fixed structure. It has a horizontal 
clearance of 201 feet and a vertical clearance of 73 feet above mean high 
water. The movable bridges are of three types; bascule, swing, and ponton. 
These bridges have horizontal clearances varying from 100 feet to 200 feet 
and unlimited vertical clearances when opened. Flood gates, in the Gulf In- 
tracoastal Waterway at the Brazos River crossing, have horizontal clearances 
of 75 feet and controlling depths on the gate sills of 15 feet at mean low tide. 
See photo 2. Navigation locks in the Gulf Intracoastal Waterway on each side 
of the Colorado River crossing have the same controlling dimensions as the 
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flood gates and have lock chambers 1,200 feet long. See photo 3. Since the 
through traffic must utilize the canal in Louisiana, the limiting dimensions 
there are pertinent to any modification proposed for Texas. In Louisiana, 
there are 11 bridges across the main channel with minimum horizontal clear- 
ance of 75 feet. All of these bridges have movable spans. There are four 
navigation locks across the waterway in Louisiana, with depths of 12 to 13 
feet over the mitre sills and widths, between the lock walls, of 56 to 75 feet. 

Three of the bridges and navigation structures were designed for a chan- 
nel 9 feet deep by 100 feet wide and the remainder were designed for a depth 
of 12 feet and width of 125 feet. Operating regulations do not allow passing of 
tows in lock or bridge structures. Widths through structures are adequate for 
tows of single barge width. The cost to widen the gate structures and most of 
the major bridges to permit double barge tows, or passing in the structures, 
was quickly determined as prohibitive. The sills of the lock and gate struc- 
tures now have limiting depths varying from 12 feet to 15 feet at mean low 
tide. The cost of lowering these sills would be very expensive, and, because 
of the desired use of towboats on feeder and other channels in the waterways 
connecting to the canal, it is very doubtful if users would adopt deeper draft 
towboats for Intracoastal Waterway use. In addition, speed is normally great- 
ly reduced in passing through the gates and bridges because of the hazards of 
collision, with the result that operating efficiency would be low regardless of 
the available depth or width. For these reasons, it was decided that no en- 
largement of the channel would be provided within 1,000 feet of the center line 
of the bascule and swing bridges or of the end of the guide walls at locks and 
gates. 

The one large fixed bridge at Freeport (Surfside) has an opening of 201 feet 
and the channel can be deepened to 18 feet with no modification of the bridge. 
The ponton bridges are of relatively inexpensive construction consisting of 
two shore trestles and a swing barge. The cost to lengthen the barge and re- 
locate one trestle would be minor. It is proposed that the deepening and 
widening be carried out through all ponton bridges. The proposed deepening 
would be carried through the overhead bridge at Freeport, but no widening 
would be proposed through this structure, 

The reaches through bascule and swing bridges and locks, which would not 
be improved, have a total length of 7.1 miles. The overall length of the main 
channel of 418.0 miles includes the length of channel that coincides with the 
Sabine-Neches Waterway from Orange to Port Arthur, with crossings of the 
Houston Ship Channel, the Freeport Harbor, and the Port Aransas-Corpus 
Christi Waterway and with the Brazos Island Harbor project from Port Isabel 
to Brownsville. The deep-water sections have a total length of 38.0 miles. 
These deep-water sections are already larger than the proposed improve- 
meats in this study, so no work will be required for these sections. A total 
of 45.1 miles of channel would not be improved. 


Modification of Channel Alinement 


One of the first considerations, in planning a major enlargement of the 
channel of the Gulf Intracoastal Waterway, is improvement of the channel 
alinement. A study of the existing alinement showed that curve easing of a 
number of curves and several major relocations would be desirable. 
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Proposed Curve Easing 


In general, the alinement of most of the existing channel under considera- 
tion for enlargement, consists of comparatively long tangent courses. There - 
are a total of 113 curves in the 381 miles of channel between the Port Arthur 6 
Canal and the Port Isabel turning basin. Of these, 18 curves are between = 
Port Arthur and the Houston Ship Channel, a distance of about 62 miles; 80 : 
curves are between the Houston Ship Channel and the Port Aransas-Corpus 
Christi Waterway, a distance of about 189 miles; and, 15 curves are between ' 
the Port Aransas-Corpus Christi Waterway and Port Isabel, a distance of 
about 128 miles. The maximum curving of the channel alinement is 2 degrees j 
18 minutes, which corresponds to a radius of 2,491 feet. s 
Traffic on the Gulf Intracoastal Waterway consists of vessels of all types e. 


from small pleasure boats to integrated tows of 2 or more barges. The mul- 

tiple barge tows approximate the maximum size permitted by existing regula- 
tions, which limit the length to not more than 1,000 feet, exclusive of the tow- 

boat, and the width to not more than 55 feet. Passage of maximum length tows 
through present curves of maximum curving is hazardous and unsafe to navi- 

gation. 

Investigation of the feasibility of easing the curves on the waterway to a : 
maximum of one degree, or about 5,730-foot radius, revealed that such easing 
could be accomplished without requiring excessive rights-of-way and with a 
comparatively small amount of dredging. Such curve easing is more than 
justified to provide for reasonably free, easy and unobstructed navigation 
through the curves of the waterway. Accordingly, all plans of improvement 
provide for easing of curves to provide a maximum of one degree. Excluding 
the curves located within the limits of proposed channel relocations, a total 
of 17 curves would be eased and 9 curves would be eliminated under the pro- 
posed plan. 


Channel Relocations 
Channel relocations were studied in the following reaches of the waterway: 


a) East approach to GC&SF RR bridge - Mile 319.7 

b) Curves west of GC&SF RR bridge - Mile 320.7 to 326.0 
c) Entrance to Matagorda Bay - Mile 458 to 475 

d) Across Corpus Christi Bay 

e) Near Port Isabel 


Relocation of the channel at the east approach to the GC&SF RR bridge 
would relieve a hazardous reach of channel that causes considerable loss of 
time for barge tows because of the slow speed and delays experienced in the 
existing channel. The relocation would increase the channel length about 0.27 4 
mile, but would reduce the hazards to navigation in the reach, particularly the be 
danger of collision with the bridge. The first cost of this relocation is esti- “ 
mated at $220,000 and the annual charges are estimated at $8,000. See | 
photo 1. 

Just west of the GC&SF RR bridge is a 5.3 mile reach of channel that con- 
tains 9 curves, with a maximum degree of 2 minutes and 18 seconds. Rectifi- 
cation of this reach would reduce the length of channel by 0.67 mile, and would 
reduce the delays and hazards to navigation involved in traversing the existing 
route. The relocation would have a first cost estimated at $386,000 and annu- 
al charges estimated at $12,800. 
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The relocation at the entrance to Matagorda Bay would return the channel 
to a former location. During the Second World War, military operations in 
Matagorda Bay endangered navigation on a portion of the channel in the north- 
east part of Matagorda Bay. To avoid this danger, the channel was relocated 
on its present route. Experience has shown that maintenance of the original 
route would be considerably less than maintenance of the present route, The 
original route is about 0.04 mile shorter than the existing route and would be 
a safer route for barge traffic because of the greater length of land cut and 
better alignment with prevailing winds. The first cost of redredging the origi- 
nal route is estimated at $374,000 and the net annual charges, with credit for 
the saving in annual maintenance, are estimated at $700. 

The relocation in Corpus Christi Bay would be an extension of the author- 
ized alternate route near Aransas Pass straight across the bay to the channel 
in the south part of Corpus Christi Bay. Connecting curves would be provided 
at the junction with the deep-water Port Aransas-Corpus Christi Waterway. 
The relocation would shorten the travel distance for all through traffic on this 
reach by 1.8 miles, would reduce the number of curves in the channel, and 
would eliminate the hazards to navigation encountered by barge traffic from 
the Gulf Intracoastal Waterway traversing the deep-draft Port Aransas- 
Corpus Christi Waterway. The first cost of this relocation is estimated at 
$82,000, and the annual charges are estimated at $4,600. 

The relocation at Port Isable would improve the approaches to a bridge 
that crosses the channel in the Laguna Madre. The realined channel would 
be about 0.6 mile longer than the present route. The relocation would ease 
the curves to a 5,730-foot radius and would materially increase the safety 
and convenience of navigation. The first cost of this relocation is estimated 
at $200,000 and the annual charges are estimated at $10,000. 

The channel relocations and rectifications would reduce the length of the 
main channel in Texas by about 1.6 miles. The total length of the main chan- 
nel through the channel relocations would be 416.4 miles. The length of chan- 
nel in land cuts, in water cuts, in the reaches that would not be improved, and 
the total length and the length of channel to be improved are summarized for 
the three principal reaches of the waterway in Texas, in table 2: 


TABLE 2 
LENGTH OF CHANNEL 


Channel length (miles) (1) 
Band | Water | Total | mproved 


Section of 


waterway 
Sabine River to Galveston Bay 56.5 3.6 60.1 2he1 84.2 
Galveston Bay to Corpus Christi 10).6 78.6 183.2 6.2 189.4 
Bay 
Corpus Christi Bay to Brownsville 1.2 126.8 128.0 14.8 142.8 
Total 162.3 209.0 371.3 45-1 416.4 


(i) Length is via the authorized but not constructed alternate ~ 


route at Aransas Pass. 
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The land cuts traverse prairie or marsh lands ranging in elevation from 
one to three feet above mean low tide, on which disposal of material dredged 
from the existing channel has created a more or less continuous spoil em- 
bankment along the channel. The spoil bank has an average height of about 5 
to 6 feet and a maximum elevation of 10 to 12 feet. In planning the enlarge- 
ments, the necessary widening of the channel is proposed, wherever possible, 
on the side opposite the spoil banks. In many reaches, however, existing im- 
provements and the high cost of rights-of-way dictate widening on the same 
side as the spoil bank, which involves removal of portions of the spoil bank. 

The 209.0 miles of channel in the open bays includes a number of reaches 
in Matagorda Bay, Aransas Bay and Corpus Christi Bay that are in depths of 
over 12 feet. These reaches do not require dredging under the present 
authorized depths of 12 feet. However, deepening the project depth to 18 feet 
would require dredging along the entire length of channel. In the water sec- 
tions, spoil disposal is accomplished along the channel at distances of about 
600 feet from the channel. The required widening of these reaches is pro- 
posed generally along the same side as the spoil disposal areas in order to 
avoid interference with dredging operations by passing traffic as much as 
possible. Disposal on the opposite side of the channel would result in the in- 
terference with dredging each time a vessel or barge tow passed in the canal. 


Channel Excavation 


The proposed channel improvements are enlargements of existing or 
authorized project channels. The existing channel was constructed and sub- 
sequently maintained by hydraulic pipeline dredges. The materials to be en- 
countered in dredging the proposed enlargements, based on previous dredging 
borings and on borings in undredged channels, consist of silts, clays, sands, 
and shells of various thicknesses and mixtures. Between miles 580 and 595 in 
the Baffin Bay area, there are exposures of thin layers of sandstone forma- 
tions. Similar formations, encountered while dredging the existing channel, 
were removed by under cutting and without blasting. The materials to be ex- 
cavated for the channel enlargements should offer no unusual difficulties for 
hydraulic dredging. The estimates of unit dredging costs are based on the 
use of modern 32-inch suction and 27-inch discharge pipeline dredges. Spoil- 
disposal areas are available in close proximity to the dredging work. It is 
estimated that the output of the dredge would probably average 750,000 cubic 
yards per month. The quantity of excavation that would be required for the 
several enlargements of the channel section are given in table 3. 


Rights-of-way 


Laws for Federal participation in the improvement of navigable waterways 
require the local interests to furnish all necessary lands, rights-of-way, and 
spoil-disposal areas for initial construction and for subsequent maintenance. 
This includes the cost of removal of all structures on the right-of-way, and 
alteration of pipe line and utility crossings. In the open water sections of the 
Gulf Intracoastal Waterway no rights-of-way are required, since the United 
States has a paramount right to use submerged lands under navigable waters 
for improvements for navigation. The land cuts, however, require consider- 
able right-of-way for construction of the channel enlargement and for dispos- 
al of spoil materials. The channel right-of-way required includes the top 
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TABLE 3 
ESTIMATED QUANTITIES OF EXCAVATION 


Channel to Corpus Christi 
Port Aransas- Waterwzy to 
Corpus Christi Port Isabel 


275,061 
340,563 


of the cut plus a berm of 100 feet on each side of the channel edge. The berm 
is for work area and for possible erosion. The increase in channel right-of- 
way varies from 157 feet for an 18' x 125" channel to 332 feet for an 18' x 
300' channel, assuming an average ground elevation of 4 feet. 

In general, the present spoil-disposal areas could be used for deposition 
of spoil from the proposed enlargement. These spoil areas would have to be 
enlarged considerably for the maximum channel enlargement under study, and 


would then extend for about 1,200 feet from the edge of the channel right-of- 
way. 

In disposing dredging spoils in the open bay close coordination is main- 
tained with the State Game and Fish Commission and the United States Fish 
and Wildlife Service. The spoils are deposited, as closely as can be economi- 
cally justified, in accordance with the ideas of those authorities to prevent 
damage to the natural fish and wildlife resources in the bays. This, generally, 
is done by staggering the spoil banks on opposite sides of the channel to per- 
mit circulation of water in the bays across the channel. 


Estimates of Cost 


First Cost 


The unit prices of construction used in estimating the first cost of the pro- 
posed channel enlargements are based on the costs of similar work performed 
in the Galveston District during August 1955. The estimated unit prices for 
dredging range from about 10 cents a cubic yard to about 20 cents a cubic 
yard depending on the quantity of excavation, the character of materials to be 
excavated, and the accessibility of the site of the work. The prices of land for 
rights-of-way are based on a study of land values and recent land sales in the 
vicinity of the canal. The cost and requirement of aids to navigation were ob- 
tained from the U. S. Coast Guard, which is charged with the responsibility of 
installation of navigation aids in Federal projects. Costs of other work in- 
volved in the improvement were estimated on the basis of unit prices of simi- 
lar work in the vicinity of the waterway. The estimated first costs of the 
several improvements are summarized in table 4. The costs given in table 4 


: Section of waterway and quantity of excavation in thousands cri 
of cubic yards 
j 
Houston Ship Port Aransas- 
Be Port Arthur to a 
Houston Ship Total 
Size of Channel in 
channel (feet Texas 
18 x 125 17,651 49,203 31,437 98,291 
18 x 200 37,586 98,476 66, 24 202, 306 
18 x 250 50,753 136,120 88 ,188 
18 x 300 54,511 175,90k 110,148 
| 
| 
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include the costs of relocations, as well as the cost of deepening and widening 
the channel. 


TABLE 
ESTIMATES OF FIRST COST 


Section of waterway and estimated first cost 


Houston Ship Port Aransas- 
Channel to Port | Corpus Christi 
Aransas-Corpus Waterway to 
Christi Waterway/ Port Isabel 


18 x 125 $3,071,000 $7,540,000 $8,102,000 $18,713,000 
18 x 200 6,439,000 14,396,000 16,518 ,000 37,353,000 
18 x 250 8,542,000 19,121,000 21,643,000 49,306,000 
18 x 300 10,848,000 2h 5159,000 26,827,000 61,834,000 


Annual Charges 


The estimates of annual charges include interest and amortization'on the 
investment in the improvement plus the increase in annual maintenance cost 
of the project resulting from the enlargement of the channel. The investment 
includes interest during the construction period, and the amortization is 
based on a 50-year useful life of the improved channel. Navigation aids are 
considered to have a 25-year useful life. The estimates are based on a rate 
of interest of 2-1/2 percent for all public costs in the improvement and 4 per- 
cent for private costs. 

The additional cost to adequately maintain the enlarged channel would be 
largely proportional to the additional bottom width of channel to be maintained. 
The increase in depth is considered to have little influence on the rate of 
shoaling in the channel. Factors considered in estimating the maintenance of 
the enlarged channels are the maintenance of the existing channel, the location 
of the channel in land cut or in open water, and the increase in width of the 
channel. The estimated annual charges for the several sizes of channel en- 
largement are given by reaches in table 5. 


TABLE 5 
ESTIMATES OF ANNUAL CHARGES 


Section of waterway and estimated annual charges 


Port Arthur Houston Ship Port Aransas- 

to Houston Channel to Port | Corpus Christi 
Ship Channel Aransas-Corpus Waterway to 
Christi Waterway Port Isabel 


18 x 125 $ 285,000 $ 303,000 
18 x 200 809,000 766,000 
18 x 250 1,251,000 1,068,000 
18 x 300 455,000 1,694,000 1,371,000 


: 
ay Size Port Arthur Total 
of to Houston in 
channel Ship Channel Texas 
feet 
of in 
channel Texas ] 
feet 
1,839,000 
2,675,000 
3,520,000 
ay. 
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Benefits 


Channel Relocations 


The benefits of the five major channel relocations were estimated separate- 
ly from the benefits of the channel enlargement. These benefits include the 
saving in time because of shorter travel distance, an estimate of the saving in 
prevention of collisions, and the value of the increased safety and convenience 
to navigation. The estimated benefits for each relocation are shown in table 6, 
which also shows the annual cost of the relocation of the 12 x 125-foot channel 
and the ratio of annual benefits to annual charges. 


TABLE 6 


COMPARISON OF BENEFITS AND COSTS 
MAJOR RELOCATIONS OF CHANNEL 


Annua Annua 
Site of relocation benefits charges 


East approach to GC&SF RR bridge $10,000 
Just west of GO&SF RR bridge 60 
Entrance to Matagorda Bay 

Across Corpus Christi Bay 

Near Port Isabel 


Channel Enlargement 


The benefits from enlargement of the main channel of the Gulf Intracoastal 
Waterway would result from a saving in the cost of transportation through 
more efficient operation of towing equipment on the enlarged channel. The 
saving is evaluated as the saving in ton-mile cost of moving the commerce 
over the enlarged waterway instead of over the existing waterway. 

The traffic in ton-miles used in this analysis, is based on the commercial 
statistics compiled by the Corps of Engineers for the year 1953, which were 
the latest detailed figures available when the analysis was made. The ton- 
miles of traffic that moved over only the reaches of the Gulf Intracoastal 
Waterway that would be enlarged are given in the following tabulation: 


Ton-miles of 


Section of waterway . traffic (1953) 


Port Arthur to Houston Ship Channel 774,500,000 
Houston Ship Channel to Corpus Christi Bay 976,600,000 (2) 
Corpus Christi Bay to Port Isabel $4,400 ,000 


In order to evaluate the saving in operating costs of the barge traffic on 
the enlarged waterway, it was considered sufficient to analyze the operation 
of two typical tows. Obviously there is a large variety of towboats and barges, 
so the selection of “typical” types is difficult. The sizes selected are based 
on the newest equipment in use and the sizes currently under construction. It 
is assumed that as the older equipment wears out, it will be replaced with 


(1) Includes 3,400,000 ton-miles through the Freeport bridge which would re- 
ceive benefit in part of the plans for widening and deepening the channel. 
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approximately the typical sizes selected. The tows selected as typical are as 
follows: 


a) For through traffic - 3 - 50’ x 250' barges with a 1600 horsepower tow- 
boat. 

b) For local traffic - 2 - 35' x 195" barges with an 800 horsepower tow- 
boat. 


The hourly operating costs of these typical tows are estimated from data 
given in the Waterways Economic Series No. 5 prepared by the Board of Engi- 
neers for Rivers and Harbors. The costs in this bulletin are based on 1951 
prices. The hourly cost and other characteristics of the two tows are as fol- 
lows: 


Typical tow 
Item Through traffic Local traffic 


Towboat, horsepower 1,600 800 
Barges, size 3 - 50' x 250' 2 = 35' x 195! 
Displacement, tons 9,250 3,340 
Cargo, tons 7,680 2,770 
Cost of towboat an hour $44.59 $27.29 


Cost of barges an hour $11.10 3.68 
Cost of tow an hour 
Estimated cost, 1955 prices $64.04 $35.62 


The characteristics of operating these two typical tows over the several 
sizes of channel were determined from data prepared by the University of 
Michigan! from model tests, showing the relation of barge-tow speed to re- 
sistance encountered in moving over channels of different sizes, and from 
data prepared by Dravo Corporation? from model tests of the relation of tow- 
boat speed to the push or thrust of the towboat for overcoming tow resistance. 

The analysis is made by plotting the thrust and resistance against speed 
on the same graph. The intersection of the two curves gives the optimum 
speed attainable for the typical tow in a given size channel. The analysis is 
indicated by the curves for the two typical tows in channels 12 feet deep by 
125 feet wide and 18 feet deep by 125 feet wide. These curves are shown on 
plate 2. 

The thrust curve for the 1,600 horsepower towboat is interpolated between 
the thrust curves for 1,500 and 2,000 horsepower given by Dravo and the 
thrust airve for an 800 horsepower towboat is interpolated between the thrust 
curves for 500 and 1,000 horsepower towboats given by Dravo. 

The resistance curves for the 2 - 35' x 195' barge tows are taken directly 
from the University of Michigan data. The resistance curves for the 3 - 50' 
x 250' barge tows are obtained by modifying the University of Michigan data 
for 2 - 54' x 250’ barge tow. The resistance of a 3 - 50' x 250' barge tow 
was estimated by assuming that the resistance of the third barge would be 70 
percent of the resistance of each barge in a two barge tow. This gives a 


1. Experimental data prepared by the University of Michigan for the Pitts- 
burgh District of the Corps of Engineers - completed in 1954. 

2. Chart X in the Development and Economic Potential of Inland Waterway 
Transportation - Dravo Corp. - July 1949. 
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factor of 135.0 percent of the resistance of the two barge tow. A further fac- 
tor of 92.5 percent, obtained by assuming that the unit resistance is propor- 
tional to the width of the barges, was applied to account for the narrower 
barges. The resultant factor is 1.25 percent of the total resistance of the 
2 - 54' x 250' barge tow. 

The savings in transportation costs obtained from applying these curves, 
as shown on plate 2, are given as follows: 


Tow and Speed in Cargo ton- Cost per Cost per ton- 


size of channel miles/hr miles/hr hr (mills) mile (mills) 


3-50'x250' barges, 1,600 hp 
125' channel 4.64 35,700 64,040 
18 x 125' channel 6.03 46,300 64,040 
Saving per ton-mile of cargo -------------------<---- 


2-35'x195' barge, 800 hp 
12! x 125' channel 5.67 15,700 35,620 2.27 
18 x 125' channel 6.92 19,170 35,620 1.86 
Saving per ton-mile of cargo ------------------------ 0, 


From this analysis it appears that the unit saving per ton-mile is the same 
for the large and small tows. As a result, it was not necessary to segregate 
the through and local traffic. The saving per ton-mile obtained by applying 
this unit saving to the estimated annual ton-miles of traffic, the estimated an- 
nual charges, and the ratio of annual benefits to annual charges for enlarging 
the existing channel to 18' x 125' are given in table 7: 


TABLE 7 


_ ECONOMIC ANALYSIS 
(Enlargement from 12' x 125' to 18' x 125') 


Section of Estimated Estimated Ratio of 
waterway annual charges annual benefits benefits to cost 


Port Arthur to 
Houston Ship Channel $114,,000 $318,000 2.8 


Houston Ship Channel 
to Corpus Christi Bay 285 ,000 399,000 1.4 


Corpus Christi Bay to 
Port Isabel 303,000 22,000 0.1 


During the studies of channel enlargement, measurements were made of 
the actual speed of a tow moving through the Gulf Intracoastal Waterway, the 
Sabine-Neches Waterway, and the Lake Charles Deepwater Channel to deter- 
mine the effect of channel size under operating conditions. The tow consisted 
of a towboat with 750 horsepower and two barges 240 feet long by 50 feet wide. 
The barges were loaded with 3,500 cubic yards of shell on each barge to a 
draft of 8.5 feet. The tow moved from the Houston Ship Channel to Lake 
Charles, Louisiana. A careful log of the trip was kept by observing the 
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engine speed and the time of passing known objects on the bank, such as mile 
posts, bridges, wharves, and similar objects. The travel distance was ob- 
tained by measuring the distance between the objects on maps, and from the 
reference line stationing where available. Observations were carefully ana- 
lyzed and certain reaches that were more definitely identifiable were selected 
as test sections. These sections varied from 6 to 25 miles in length. 
Throughout the observations, the engine speed of the towboat was kept at 

700 R.P.M. The sizes of the several sections of the waterway traversed in 
the tests were as follows: 


Section of waterway Depth and width of channel 


Gulf Intracoastal Waterway x 125! 

Sabine-Neches Waterway 36" x 4,00" 

Lake Charles Deepwater Channel 18'(1) x 100! 
(1) Average over bottom width of 100! 


The observed speed of the tow is shown in the following tabulations: 


Section of waterway Speed of tow loaded (miles per hour) 


Gulf Intracoastal Waterway 56 
Sabine-Neches Waterway 7.7 
Lake Charles Deepwater Channel 6.8 


It will be noted that the increase in speed amounted to 1.2 miles an hour 
in the Lake Charles Deepwater Channel and 1.9 miles an hour in the Sabine- 
Neches Waterway. These tests were not corrected for currents in the water- 
ways or for wind. The results show a definite increase in tow speed in the 
larger channels that is the same magnitude as the increase derived from the 
analysis of the tow performance curves. 

Since the analysis showed the saving would be the same for both of the 
typical tows, the estimates of saving for the additional sizes of channels also 
would be the same for either type of tow. The savings in cost of operation 
per ton-mile for the several enlargements, as shown by the curves on plate 
2, were found to be as follows: 


Estimated 
Channel enlargemertt Saving in ton-mile cost 


12' x 125' to 18' x 125! 0.41 mills 
12' x 125' to 18" x 200! 0.48 
12' x 125' to 18' x 250! 0.56 * 
12' x 125' to 18' x 300! 0.61 *® 


The total annual saving obtained by applying the saving per ton-mile to the 
estimated annual ton-miles of prospective commerce on the waterway, the 
estimated annual charges, and the ratio of benefits to costs for the four en- 
largements of the waterway are shown for the two reaches from Port Arthur 
to Corpus Christi in table 8. (Since the 18' x 125' enlargement of the channel 
from Corpus Christi to Port Isabel had so little justification, no studies of 


further widening of that section are shown.) 
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TABLE 8 


ECONOMIC ANALYSIS 
ENLARGEMENT OF GULF INTRACOASTAL WATERWAY 


section of water- 
way and enlarged Estimated Estimated Ratio of 
channel size annual benefits annual charges benefits to cost 


Port Arthur to Hous- 

ton Ship Channel 
18 x 125 $318,000 $114,000 
18 x 200 372,000 264,000 
18 x 250 434,000 356,000 
18 x 300 472,000 455,000 


Houston Ship Chan- 

nel to Corpus 

Christi Bay 
18 x 125 399,000 285,000 
18 x 200 467,000 809,000 
18 x 250 545 ,000 1,251,000 
18 x 300 594,000 1,694,000 


The problem of obtaining rights-of-way for any enlargement of the water- 
way has a material bearing on the feasibility of the project. Preliminary con- 
tacts with the local agencies along the route of the waterway indicate these 
agencies are not, generally favorable toward furnishing the extensive rights- 
of-way that would be required for the widening of the project. It is anticipated 
that there would be considerable difficulty in obtaining rights-of-way for the 
plans that call for extensive widening of the channel. Deepening of the chan- 
nel to 18 feet with a bottom width of 125 feet would result in widening at the 
water surface of the present canal by 36 feet; at the existing 12-foot depth the 
deepening would widen the channel also by 36 feet. 

At this time, the studies of the Corps of Engineers are in progress and the 
data presented in this report are subject to possible revision. The estimates 
of costs and benefits are preliminary in nature and are subject to modification 
before they are included in any report on this waterway that may be made by 
the Chief of Engineers to Congress. For these reasons, no conclusions have 
been presented in this paper. 
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DESIGN PROBLEMS INVOLVED IN PROTECTION FROM TSUNAMIS 


Kenneth Kaplan* 
(Proc. Paper 968) 


In the spectrum of ocean waves, tsunamis, or earthquake generated waves, 
fall midway between ordinary wind waves, and the tides. Periods of wind 
waves range from 5 to 20 seconds; the period of tides is about 12 hours; the 
Pacific Ocean tsunami of April 1946 had a period range of 12 to 15 minutes. 
This “betweenness” of tsunamis leads to relatively unique problems in de- 
signing for protection against them. The principles of protection against all 
types of ocean waves are the same; the details, however, can differ. 

The stunami of 1946 originated off the Aleutian Islands, moved across the 
Pacific with speeds up to 400 miles per hour, and hit the Hawaiian Islands 
causing tremendous damage. For example, the town and port of Hilo, on the 
northeast side of the island of Hawaii, with a population of less than 20,000, 
received property damage estimated at 17 million dollars, and, in addition, 

96 lives were lost. 

Another tsunami in 1952 caused half a million dollars worth of damage at 
Hilo. Though it was smaller than the 1946 tsunami, the much smaller proper- 
ty damage figure was in large part due to the after effects of 1946, rather than 
the size of the waves in 1952. Most shorefront property had been destroyed 
in 1946, and rebuilding within a block of the shoreline had been forbidden. 

Following these tsunamis, the Corps of Engineers initiated studies of 
means to protect Hilo from recurrent damage. As part of these studies, the 
Beach Erosion Board was asked to conduct wave tank investigations of tsuna- 
mis in general, and of means to protect against them. 

This is a report on these tests. 

It was first necessary to decide whether tsunami waves could satisfactorily 
be brought into the laboratory. A true small scale version was clearly out of 
the question. Tsunami waves are so long relative to their height that direct 
scaling in ordinary tank tests is virtually impossible. In 1946, for example, 
it is estimated that in deep water, the waves were only two-feet high, yet they 
were almost 100 miles long(1,2)**—more than 200,000 times longer than high. 


Note: Discussion open until October 1, 1956, Paper 968 is part of the copyrighted 
Journal of the Waterways and Harbors Division of the American Society of Civil 
Engineers, Vol. 82, No. WW 3, May, 1956. 

* Research Assoc., Broadview Research and Development, Burlingame, 
Calif.; formerly, Research Engr., Beach Erosion Board, USCE, Washing- 
ton, D. C. 

** Numbers in parentheses refer to the bibliography at the end of the report. 
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However, if tsunami type waves could be produced, and investigated over a 
wide range of conditions, it was possible that general relationships could be 
established which could be applied to the prototype case even without the use 
of accurately scaled tsunami models. 

There were two characteristics of the 1946 tsunami which were considered 
important for these tests: First, that it was probably caused by a single dis- 
placement of the earth’s crust;(2,3) second, that though many reports indi- 
cated that the first observed effect was a lowering of water level, tide gage 
records show that the first actual effect was a rise in water level. For exam- 
ple, in the Honolulu tide gage record for that period, reproduced in Figure 1, 
the first noticeable effect is a rise of about 1/2 foot. 

These characteristics could be reproduced, in gross form, by a single 
positive displacement of water—positive because a negative displacement al- 
ways generates a trough first, followed by a series of crests and troughs. A 
positive displacement always generates a crest first (which was desired)— 
sometimes, though not always, followed by a series of troughs and crests. 

In Figure 2, tracings of waves caused by both negative and positive dis- 
placements are shown for purposes of comparison. Most records of waves 
used in these tests resembled those on the right in this figure, with the first 
crest being the highest. This characteristic was observed at Hilo during the 
1952 tsunami. (4) 

After the wave type was decided on, it was necessary to determine whether, 
with these waves, tank conditions could be established which could be related 
to prototype conditions. Both the desire for generalized results and scaling 
difficulties prohibited modeling precise hydrographic features. Therefore 
this question was investigated using continuous slopes as generalized repre- 
sentations of hydrography near a shoreline. These tests proved satisfactory. 

Two types of protective barriers were then installed at the shoreline and 
their relative effectiveness found. The two types used were a “dike” type 
barrier (a 1 on 2 slope) similar to those ordinarily used against very long 
period water level changes such as the tide; and a reflecting type barrier (a 
vertical wall) to simulate ordinary seawalls, the usual protection against wind 
waves. 

Finally the barriers were removed, and the characteristics of the waves 
themselves at the shoreline were investigated. 

In Figure 3 is shown the complete experimental setup. 

The upper portion of the figure illustrates conditions just prior to genera- 
tion; the lower portion conditions just following generation. The bulkhead was 
connected to a varidrive driven disk with a spring loaded pin, then discon- 
nected from the disk at the completion of a forward stroke. Connecting the 
pin to various points on the disk allowed variation in the length of stroke, 
and changing the varidrive setting allowed variation in the speed of the stroke. 
Two closely spaced wave gages were installed at the toe of the slope, both to 
measure wave height in deep water (which in these tests was necessarily the 
deeper part of the tank) and to enable wave length determinations to be made. 
At the shoreline, linear scales were mounted on both the slopes and the bar- 
riers, and wave runup was measured by eye. In all cases, only the first wave 
of any group was used, its deep water length for these tests being defined as 
twice the horizontal distance between the first measurable water rise, and the 
first crest. | 

The reasons for using only the first wave, even though in 1946 there were 
many waves higher than the first are of particular interest. Preliminary tests 
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showed that succeeding waves of any wave group not preceded by a trough 
would run up no further than would the first wave of the group, even though 
they were more than twice the height of the first wave. Therefore, by utiliz- 
ing only the first wave, that wave which would give the greatest value of runup 
for any given height was being investigated. 

Two long slopes were used. The first, a 1:30 slope, was found to be too 
steep for even these generalized studies to apply to Hilo’s problem. No loss 
of generality was involved in installing a flatter 1:60 slope, which more nearly 
fit the conditions desired, and it was on this slope that the barriers were in- 
stalled. For these tests, only runup, and deep water wave height and length 
were measured. From these, the dimensionless parameters, 


Runu 
Wave Height 
computed. 

In all over 1000 runs were made. 

For the four tests, those on two slopes and the two types of barriers, R/H 
was plotted against H/L on log—log paper. The results are shown in Figure 4. 

Plotted in the four cases is a least squares computed line, and to show the 
consistency of the data, (which was very good), a probable error envelope. 

Though the 1:30 slope was eventually found to be too steep for results on it 
to be applied to Hilo, these results, plotted in the upper left on Figure 4, were 
of prime importance to all subsequent tests. The points for the curve were 
measured with three different tank water depths. Yet the three depths gave 
virtually the same curve. It was reasoned from this that if the depth of mea- 
surement of H and L made no difference in the determination of relative run- 
up, then tank results could be compared with prototype data. 

Unfortunately, to compare tank and prototype data it was necessary to ex- 
trapolate the curves over three more cycles of H/L. This extrapolation is 
probably the weakest point of the whole series of tests, but because of the 
impractibility of modeling tsunami waves little else could be done. The upper 
points on each plot represent the limit values of H/L which could be generated. 
Certain internal checks were made which indicated that the calculations were 
not grossly in error but, any extrapolation is weak. 

The results of the barrier tests can be better examined if they are plotted 
together as in Figure 5. 

The least squares line for both walls are very close, but the data for the 
reflecting wall shows a much greater variability than that for the dike. This 
suggests (though more tests would be necessary to confirm or deny the con- 
clusion) that a dike or levee with a fairly steep slope would on the average be 
as effective against tsunami runup as a reflecting type wall such as many or- 
dinary seawalls. Reflecting type walls with crests low enough to permit pas- 
sage of some water over them can, however, be more effective in allowing no 
passage of water past the shoreline than dike type walls of equal height.(5) 

The results of the barrier tests when applied to Hilo indicated that a runup 
of twice the shoreline wave height was possible. Previously a 15-foot high 
wall was designed on the basis of a runup of one wave height. Rough overtop- 
ping, as opposed to runup, computations similar to those used in the design of 
the 15-foot wall were made using twice the shoreline wave height. These in- 
dicated that though overtopping quantities might be larger than those used in 
the wall design, the 15-foot high wall might still be considered reasonably 
effective against overtopping. 


Wave Height 
, (relative runup), and Wave Length ’ (wave steepness) were 
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The preceding essentially describes the portion of the testing program from 

which immediately usable data were derived. Well defined relationships be- 
Runup Wave Height 

tween the dimensionless parameters Wave Height and Wave Length were 

developed, which seemed to be independent of the depth of measurement of 

wave height and length. With these—admittedly utilizing a large extrapolation 

and an approximate method of overtopping computation—results were found 

which, with reservations, were applicable to the Hilo problem. 

The testing program as a whole, however, pointed up two additional items 
of interest. As mentioned previously the program was extended to investigate 
wave characteristics at the shoreline, that is, breaking waves. Quantitative 
measurements of wave parameters, specifically wave height, showed a bias 
believed to be due to instrumental limitations. These quantitative results, 
therefore, could not be used in the program. During these tests, however, 
one surprising wave characteristic was noted. The waves recorded were 
breakers. It was anticipated that the turbulent characteristics of these waves 
were such that they could only rarely be reproduced. Yet the reproducibility 
of wave shape was consistently excellent. Illustrative of this are the wave re- 
cords reproduced on Figure 6. 

The records of four separate, but paired, runs are shown, Generator set- 
ting and water depth for the two on the left were the same; a different setting 
and depth were used for the two on the right. Note that the wave profile for 
each pair are virtually identical. 

A second item of interest developed from the testing program, but was in- 
vestigated outside it. The characteristics of the generated wave train changed 
considerably with change of water depth and generator setting. Most often a 
train of five, six, or seven waves developed. At one particular setting a single 
wave, very much like a solitary wave developed. And at one other setting, 
surprisingly, two separate and distinct waves formed. After removal of the 
slopes and barriers, the water depth and generator settings for this “double 
wave” train were reset. The waves were permitted unimpeded reflection be- 
tween the far tank wall and the generator bulkhead. Records were taken at 
various distances from the point of generation, a sampling of which are shown 
on Figure 7. 

The waves retained their dual nature until too small to measure. This took 
as many as five complete transits of the tank, or distances equivalent to over 
1000 feet from the generator bulkhead. 
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NEW LOCKS ON LOWER MISSISSIPPI AND GULF COAST 


Norman R. Moore, M, ASCE 
(Proc. Paper 969) 


INTRODUCTION 


One of the earliest activities of the Federal Government was the develop- 
ment and improvement of the inland waterways of the United States. Report- 
ing to the Senate in 1808 on the necessity of National improvement by roads 
and canals, Secretary of the Treasury Gallatin proposed, among other works, 
an inland waterway along the Atlantic coast. Prior to that date there had been 
scattered local construction and improvement of waterways. From such early 
beginnings there has evolved the present great Mississippi River system 
which connects with the Intracoastal Waterway, the Great Lakes, and other 
inland waterways. Pursuant to Congressional authority, Federal investiga- 
tion of the Mississippi River was begun in 1820. Improvement of navigation 
was the original objective of these studies, but it was soon recognized that 
flood control was an essential part of the problem. Moreover, following the 
Civil War there was a growing realization that the major flood control and 
navigation problems were a responsibility of the Federal Government. The 
Mississippi River Commission, created by Act of Congress in 1879, was 
authorized, among other things, to study navigation on the Lower Mississippi 
River and to submit a plan for improvement. The portion of the Intracoastal 
Waterway extending from Boston, Mass. to the Florida Keys is known as the 
Atlantic Section. The portion extending from Key West to the Mexican border 
is officially designated as the Gulf Section but is usually termed the Gulf In- 
tracoastal Waterway. The Gulf route affords a protected, safe, all-weather 
waterway to commercial tows and other light-draft vessels that are not de- 
signed to navigate extensive reaches of the open sea. 

Many years of study and much legislative effort have resulted in the pres- 
ently authorized navigation projects. When completed, the Gulf Intracoastal 
Waterway will provide a navigation channel 12 feet deep with a minimum bot- 
tom width of 125 feet. On the Lower Mississippi River, the authorized 12- 
foot low-water depth of channel, 300 feet in width, between Baton Rouge and 
Cairo is being developed gradually as the river is improved, confined, and 


Note: Discussion open until October 1, 1956. Paper 969 is part of the copyrighted 
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1. Chief, Eng. Div., Mississippi River Comm., Vicksburg, Miss. 


969-1 


is 
| 
Al 
+ 
4. 
7 
a 
ern 


969-2 May, 1956 


revetted. Between Baton Rouge and the Gulf of Mexico, the authorized chan- 
nel depths vary from 35 to 40 feet, and the width of channel ranges from 500 
to 1,500 feet, the maximum width being within the limits of the Port of New 
Orleans. On the Atchafalaya River, the channel will be 12 feet in depth below 
mean low water on a bottom width of 125 feet from Morgan City to the 
Mississippi River via the Atchafalaya and Old Rivers, and from the -20-foot 
contour in Atchafalaya Bay to the -20-foot contour in the Gulf of Mexico, the 
project channel is 20 feet deep and 200 feet wide. The existing channel of the 
Atchafalaya River provides sufficient depth between Morgan City and 
Atchafalaya Bay. 

The portions of these waterways with which this paper is concerned in- 
clude the Mississippi River from Old River (mile 301) to the Passes, the Red, 
Old, and Atchafalaya Rivers, and the Gulf Intracoastal Waterway within the 
State of Louisiana, together with interconnected waterways. (Figure 1) These 
channels offer a natural and economical means of transportation for the ex- 
tensive variety of commodities produced or consumed in the Gulf region. 


Character of Traffic 


Between Baton Rouge and the Gulf, a large part of the total tonnage of traf- 
fic is carried in self-propelled vessels. Over the other waterways considered 
herein, by far the greater amount is carried in steel barges, which are moved 
by high-powered tugs or towboats. These barges are of various dimensions, 
ranging from 26 to 50 feet in width and from 150 to 300 feet in length. A tow 
is ordinarily made up of several barges tied together by means of steel cables 


and ratchets to form a single rigid unit which is pushed ahead of the towboat. 
Infrequently, the barges are pulled behind the tug on a hawser. The number 
of barges in a tow and their arrangement depend in part on the alignment and 
width of the waterway. The design of a lock on these waterways must there- 
fore take into consideration not only the prevailing tow make-up but the 
changes that may reasonably be expected to develop during the economic life 
of the project. 


Requirements for Locks 


On the Lower Mississippi River, the slope of the stream is relatively flat 
at all stages and hence navigation locks are not necessary. But such struc- 
tures are necessary to overcome the difference between the water surfaces 
where navigation is required to cross levee lines along rivers or floodways 
into protected areas, or into sea-level canals. Locks may also be needed to 
protect agricultural lands from salt water intrusion by controlling tidal flows. 


Early Lock Construction 


As a result of Congressional authorization of a waterway from Plaquemine 
to Grand Lake, La., construction of a lock connecting Bayou Plaquemine and 
the Mississippi River was begun in 1895 and completed in 1909. This struc- 
ture, which is still in use, has a usable length of 260 feet, a chamber width of 
55 feet, a depth over the miter sill of 10 feet, and a maximum lift of about 
34 feet. The gates were originally operated by steam power, but are now 
electrically controlled. This lock must be closed to traffic during high stages 
of the Mississippi River due to the difficulty of operating the gates. 
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Still earlier, about 1880, a lock was begun at Harvey, across the river from 
New Orleans. The initial project was evidently not completed and for a num- 
ber of years, the only facility at this point was a lock gate which could be used 
only when the canal and river were at approximately the same level. In 1910, 
the report of a Special Board of Engineers noted that the lock at Harvey had a 
width of 29 feet 11 inches, an available length of 150 feet, and a depth of 7 feet 
over the miter sills. This lock connected to a private canal. Possession of’ 
these works was acquired by the United States in 1924 and, soon thereafter, 
construction of the present Harvey Lock was authorized. 

Similar structures built on privately owned waterways early in the twenti- 
eth century have either been superseded by modern structures, have fallen 
into disuse, or in some cases have been abandoned. 


Design Characteristics of Modern Locks in This Area 


The chief problem presented to the designer of a lock within the Lower 
Mississippi River and Gulf Coast region is that of foundation for a structure 
of this type on the alluvial and marine deposits prevalent in the area. Of 
prime importance in many instances is the necessity of assuring security 
against underseepage. 

Because they will withstand a head in either direction and can be opened 
or closed while under head, sector gates have been selected in many cases 
despite a somewhat greater initial cost than for miter gates. For relatively 
low head differentials, the use of sector gates makes it unnecessary to pro- 
vide valves and conduits for filling and emptying the lock. Among other 
structural and hydraulic advantages are the substantial reduction in live load 
reaction from the gate to the masonry in comparison with that of miter gates, 
and the advantage in being able to use the lock structure as a sluiceway. With 
such gates, filling and emptying of the lock chamber is effected by partial 
openings of the gates permitting flow between the two gate sectors and also in 
some cases between the skin plate and the gate recess in the masonry. In or- 
der to study the filling operation and to ascertain the proper speeds for gate 
operation to control turbulence in the lock chamber and the magnitude of haw- 
ser stresses in the mooring lines of tows, model studies of sector gates have 
been conducted at the Waterways Experiment Station. 

For some of the structures the required lifts are quite high, resulting in 
high walls in gate bays and lock chambers, although in no instances are the 
resulting structures unprecedented. 


Recent Lock Construction - Algiers Lock 


As previously mentioned, construction of a new lock at Harvey, La., across 
the Mississippi River from New Orleans, was authorized following acquisition 
by the United States in 1924 of the privately owned lock and canal. The struc- 
ture, completed and placed in operation in 1933, has a usable length of 425 
feet, a chamber width of 75 feet, and a depth on the miter sill at low water of 
12.0 feet. It is designed for a maximum lift of 19.6 feet which is adequate for 
the range of river stages to be expected at this point on the lower River. Dur- 
ing and after the second World War, barge traffic through this lock increased 
to such an extent that operation of the lock at its maximum capacity twenty- 
four hours a day was imperative. Even under such an operating schedule, 
tows are frequently required to wait for extended periods to be passed through 
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the main line levee. In order to make repairs to the lock, it is necessary to 
shut ¢own all traffic, and necessary maintenance operations cannot be de- 
ferred until the closed navigation season because there is none in this latitude. 
Consideration was therefore given to construction of a second lock, so located 
as to divide the load with Harvey Lock and to relieve some of the congestion 
in New Orleans Harbor. The site selected for this structure is downstream 
from New Orleans at Algiers, about 2,000 feet from the Mississippi River. 
The new canal from the Algiers Lock connects with the Intracoastal Waterway 
at Mile 6 from Harvey Lock, has a length of about 9 miles, and provides a 
navigable channel 12 feet deep and 125 feet wide. This new facility has a 
chamber width of 75 feet and a usable length of 760 feet. The depth over the 
miter sills is 13 feet. The structure is designed for a maximum lift of 18 
feet and will be usable at all anticipated stages of the Mississippi River. 

The foundation design of this structure presented an unusual problem be- 
cause gas pressure in an underlying sand stratum with surface at elevation 
-54 feet, when combined with the estimated hydrostatic uplift, exceeded the 
weight of earth between the top of this sand formation and the bottom of the 
required excavation. The solution consisted of lowering the pressure by 
means of gas and hydrostatic relief wells. The lock structure is founded on 
a relatively thin stratum of clay and silt in thin layers, below which is a 
stratum of soft clay having a thickness of about 29 feet. This compressible 
clay necessitated provision of a pile foundation to carry the superimposed 
load to a second sand layer below the clay, which is underlain at about eleva- 
tion -70 feet by the stiff Pleistocene formation. The reinforced concrete 
structure is of the rigid frame or “dry-dock” type. 

In the gate bays, the floors are 10 feet in thickness and the wall thicknesses 
vary from 2 feet at the top to 6 feet at the base. In the chamber, the floor is 
6.5 feet thick and the wall thickness varies from 2 feet at the top to 5.5 feet 
at the base. 

The necessity of making provision for reversed heads at this location sug- 
gested the use of sector gates. Inthe event of damage to the gates necessitat- 
ing a shutdown of the lock, an emergency dam of the stop-log type is available 
for closure. The gates and all appurtenant equipment are electrically 
operated. 

Construction of the Algiers Lock has been completed (Figure 2) but the 
facility has not been placed in service because of delays in completion of re- 
locations. It is anticipated that the structure will be in operation early in 
1956. The addition of this lock and its connecting canal to the Intracoastal 
Waterway will alleviate the congestion and consequent delays at Harvey Lock, 
and will also relie’e traffic in the most heavily traveled portion of New 
Orleans Harbor. 


Port Allen and Bayou Sorrel Locks 


An alternative route between the Mississippi River and the Gulf Intra- 
coastal Waterway from the west is provided through the Plaquemine to Mor- 
gan City waterway and the Plaquemine Lock, mentioned above, which is 
located a little more than 100 river miles above Harvey Lock. Recognizing 
the inadequacy of the present lock and the connecting 9 by 100-foot channel to 
the main Waterway at Morgan City, in 1946 Congress authorized enlargement 
of this existing channel from Morgan City to Indian Village to 12 by 125 feet 
and extension of this route to the same dimensions by way of Bayou Grosse 
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Tete and a new land cut about 18 miles in length to the Mississippi River at 
Port Allen, which is opposite Baton Rouge. The extension will serve as the 
main outlet for the drainage network of West Baton Rouge Parish and will 
serve the navigation needs of the petroleum and chemical industries of the 
Baton Rouge area as well as the needs of traffic from and to points beyond 
the termini of this Waterway. 

A new lock is to be constructed in the levee at Port Allen. The lock now 
(1956) being designed is larger than any existing lock in the area. It will have 
a chamber 84 feet in width and 1200 feet long, with a 14-foot depth over the 
sills and a maximum lift of 44 feet. The length conforms to that of new locks 
being constructed or already completed on the Ohio and Upper Mississippi 
Rivers. The structure will be of the rigid frame or “dry-dock” type, without 
bearing piling. The gates will be horizontally framed steel miter gates, oper- 
ated by an electrically controlled hydraulic system of the modified Ohio River 
linkage type. Longitudinal wall culverts each 14 feet square in cross section, 
provided with side ports, will be provided for filling and emptying of the cham- 
ber. Flow in the culverts will be controlled by individually operated seg- 
mental valves of the reversed tainter valve type. The outlet manifolds will 
be of the split flow type, discharging both into the lower approach chamber 
from each side and directly into the canal from outlet boxes located in the 
end walls. Model tests are in progress at the Waterways Experiment Station 
to study the design of the intake and outlet manifolds and the wall ports, and 
to study the relation of filling rates to hawser stresses. 

Emergency closure of the lock at the river end and unwatering of the gate 
bays or chamber will be provided for by means of fabricated sectional steel 
bulkheads which will be manipulated by a stiffleg derrick and derrick boat. 

Excavation of the channel extension from Indian Village to Morley is in 
progress as of 1956, and construction of the lock will be commenced upon 
appropriation of funds, which are anticipated in Fiscal Year 1957. 

The Alternate Route crosses the East Atchafalaya Basin protection levee 
about 15 miles below Plaquemine. Although provision of a lock at the levee 
crossing was planned prior to 1940, construction was not undertaken until af- 
ter the war, and the Bayou Sorrel Lock (Figure 3) was opened to traffic in 
1951. The structure is of the earth-chambered type, which it was determined 
would be economical at this site. This type may not be desirable if the cham- 
ber is large, or if to meet stability requirements the chamber side slopes 
must be very flat, with the result that the chamber volume is so great that the 
filling and emptying times are excessive. Moreover, when this type of lock 
is used, the chamber side slopes must be revetted to protect the earth slopes 
from wave action and propeller wash, and a guide wall on one or both sides 
may be required to prevent grounding of tows from transverse winds. The 
maintenance costs of these features must be considered in determining the 
economy of this type of construction. 

The lock consists of two reinforced concrete gate bays on timber bearing 
piles, with steel sector gates separated by an earthen channel with paved side 
slopes. It is provided with a timber guide wall on one side in the chamber and 
with similar walls for both approaches. The usable length is 760 feet and the 
clear width is 56 feet. The depth over the sills is 14 feet. The lock is de- 
signed for a maximum lift of 21 feet. 

Difficulties experienced during the construction of Bayou Sorrel Lock em- 
phasize the need for extreme care in making soil investigations and in carry- 
ing out excavation and fill operations in this area. During the excavation for 
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the lock chamber a slide failure occurred which was of such depth and magni- 
tude as to require relocation of the lock. The failure was considered to be 
due principally to the construction slopes (1 on 3) used in this highly plastic, 
weak clay, but contributing factors probably were a levee constructed about 
50 feet from the top of the excavation and the removal of a layer of humus in 
the bottom of the excavation. In the final construction of the chamber, in or- 
der to construct it with side slopes (1 on 2) which permitted reasonable filling 
and emptying periods, it was necessary to follow a rather involved procedure 
of overexcavation laterally at part depth, flooding of the lower part of the ex- 
cavation during refill, and finishing to final section by refill in stages. 


Bayou Boeuf Lock 


The East and West Atchafalaya Basin Protection Levees constitute the 
limits of the Atchafalaya Basin Floodway, the function of which is to prevent 
excessive stages in the Mississippi River below the latitude of Old River by 
diverting through the Atchafalaya Basin to the Gulf those flood flows that 
would overtax the safe capacity of the Mississippi River. The East 
Atchafalaya Basin Protection Levee, in which the Bayou Sorrel Lock is con- 
structed, begins at the lower end of the lower guide levee of the Morganza 
Floodway and extends southward through Morgan City to Cutoff Bayou, cross- 
ing Bayou Boeuf and the Gulf Intracoastal Waterway. Completion of the levee 
required to protect areas and communities east of Morgan City from flood- 
waters in the Atchafalaya Basin made necessary the construction of a lock 
in the levee to provide a navigation connection. As in the case of Bayou Sor- 
rel Lock, the Bayou Boeuf Lock has an earth chamber. It is 1160 feet long 
and 75 feet in usable width, with a depth over sills of 13 feet at mean low Gulf 
level. The design provides for a maximum lift of 9 feet which is expected to 
be required rarely. The structure is provided with steel sector gates hy- 
draulically operated with electrical controls. The gate bays bear directly on 
earth foundations. The earth chamber section is protected with stone riprap 
and articulated concrete mattresses. Timber guide walls are provided in the 
chamber and approach sections. Construction was initiated in 1952 and the 
lock was opened to traffic in 1954. (Figure 4) A bypass route around the 
lower end of the levee, through a dredged borrow pit and Bayou Chene, is 
provided as an alternative route during periods of high water in the 
Atchafalaya River when adverse flow conditions will make navigation difficult 
in the vicinity of the lock entrance. 


Berwick Lock 


The West Atchafalaya Basin Protection Levee, previously described as an 
important element of the adopted project for flood control of the Mississippi 
River and tributaries, begins near the town of Hamburg, Louisiana and extends 
in a southeasterly direction to the Wax Lake Outlet, and thence eastward to 
and through Berwick to the Intracoastal Waterway. The levee crosses the 
Lower Atchafalaya River just above Berwick Bay. Berwick Lock (Figure 5), 
completed in 1950, is provided at that point in order to permit navigation to 
pass up the Lower Atchafalaya River into Bayou Teche to reach Patterson and 
other communities. This concrete structure is 45 feet in width, has a sill 
elevation 9 feet below mean low Gulf, and has a usable length of 300 feet be- 
tween steel sector gates, which is adequate in size for the small boats and 
single barges that comprise the local traffic using this waterway. 
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Calcasieu Lock 


In western Louisiana, the Intracoastal Waterway traverses the Mermentau 
River Basin along the northerly edge of the marshlands bordering the Gulf of 
Mexico. In this basin area, extensive cultivation of rice requires the pumping 
of large amounts of fresh water from the streams and from the connecting 
Grand and White Lakes during the growing season of June through August. As 
the water levels fall during periods of low stream flow, salt water flows up 
the stream channels, the bottoms of which are below the elevation of Gulf 
level. In order to obstruct this ingress of salt water by way of the Intra- 
coastal Waterway, a number of structures have been constructed in the area. 
On the east is Vermilion Lock, which blocks intrusion from Vermilion Bay. 
On the south are the Catfish Point and Schooner Bayou Control Structures, 
which are multiple floodgates of the sector type across the Mermentau River 
and Schooner Bayou, respectively. The most recently completed structure 
(1950) for this purpose is the Calcasieu Lock (Figure 6) which prevents the 
entrance of salt water into the basin from the Calcasieu River via the Intra- 
coastal Waterway. It is located in a dredged land cut forming a relocation to 
the north of the former route of the Waterway. 

The lock has an earth chamber with 1 on 2 side slopes, protected by articu- 
lated concrete revetment mats, which has a usable length of 1,180 feet, a 
width of 75 feet, and a depth over the sill of 13 feet. The gate bays are de- 
signed as rigid frames without foundation piling, and the sector gates, of 
welded structural steel, are electrically controlled. The lock is designed for 
a maximum differential head of 6.0 feet and a maximum reverse head of 2.0 
feet. The lock chamber and approach guide walls are of timber. Needle dams 
are provided to permit unwatering for inspection and maintenance purposes. 


Locks below New Orleans 


An improved navigation channel 9 feet deep and 80 feet wide, designated 
as the “Waterway from Empire, La. to the Gulf of Mexico” extends from about 
Mile 29 Above Head of Passes via Doullut Canal and Bayous Long and 
Fontanelle to the -9-foot contour in the Gulf, a total distance of about 10 
miles. This route has long been used by shallow draft boats engaged in the 
fishing and shrimping industry. Completion of the improvement by the Feder- 
al Government in 1950 opened the route to oil traffic between the oil fields of 
Plaquemine Parish and the refineries along the Mississippi River and the In- 
tracoastal Waterway and provided a direct route for deeper draft fishing 
craft operating between the Mississippi River and fishing grounds west of the 
mouth of the river. The Federal improvement also made obsolete the former 
small shallow draft lock in Doullut Canal, and the difficulty of operation led 
to the construction by the State of Louisiana of a new lock. Empire Lock, 
completed in 1950, has a chamber width of 40 feet and a usable length of 197 
feet 6 inches, with a depth over the sill below mean Gulf level of 10 feet. It 
is of reinforced concrete construction and has two sets of electrically oper- 
ated steel sector gates in concrete gate bays. Needle beams are provided for 
emergency closure of the lock at each end. 

Across the Mississippi River from the Empire Lock and about 4 miles by 
river downstream, a waterway extends from the river eastwardly to Quaran- 
tine Bay, a distance of a little more than a mile. For vessels of 5-foot draft 
and less, this channel makes possible a saving of approximately 49 miles of 
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navigation. Vessels of greater draft are afforded a saving of as much as 82 
miles of navigation in the unprotected outside waters which are hazardous to 
navigation during heavy winds or fogs. Ostrica Lock, located at the Missis- 
sippi River end of this waterway, replaces an old small wooden lock which had 
been closed to navigation since the hurricane of 1947. It was completed in 
1953 by the State of Louisiana. The design and dimensions are similar to 
Empire Lock except that Ostrica Lock has a usable length of 236 feet 6 inches. 


Proposed Lock Construction 


The project for control of Old River, authorized by Public Law No. 780, 
83d Congress, approved September 3, 1954, provides for control of flows 
from the Mississippi River into the Atchafalaya River and Basin by means of 
mechanically operated control structures on the right bank of the Mississippi. 
Enlargement and extension of the main line levees to connect to these struc- 
tures will obstruct an existing navigation route and therefore require provi- 
sion of a lock in a channel to connect the Mississippi and Old Rivers. Con- 
struction of the control structures has been commenced but the lock is not 
scheduled to be started for several years. The Congressional authorization 
provided that the Chief of Engineers, Department of the Army, would deter- 
mine the type and dimensions of the lock. As of 1956, studies of these fea- 
tures are in progress. 

In 1946, Congress modified the project, “Red River below Fulton, 
Arkansas” by authorizing construction of a navigation channel from the 
Mississippi River to Shreveport, Louisiana to be known as the Overton-Red 
River Waterway. This project will follow Old and Red Rivers for about 31 
miles, thence the route will be in a land cut following generally along the 
right bank of the Red River to a turning basin on Bayou Pierre at Shreveport, 
a distance of about 205 miles. The project as authorized included nine ma- 
sonry locks having lengths of 650 feet, widths of 55 feet, and depths of 12 feet 
on the sills. In 1956, planning of the project is in progress. 

At the request of Congress in 1943, a report was made by the Corps of 
Engineers on provision of a seaway canal 36 feet deep and 500 feet wide ex- 
tending 70 miles as a land and water cut from deep water in the Gulf of Mexico 
to a turning basin south of Micheaud and thence by means of a connecting 
channel of the same dimensions to the existing inner harbor canal in New 
Orleans. The report contemplated the provision at a later date; when economi- 
cally justified, of an additional lock near Meraux, with connecting channels and 
appurtenances between the turning basin and the Mississippi River. The ten- 
tative lock dimensions mentioned in the report are a length of 760 feet, a 
width of 110 feet, and a depth of 40 feet on the sills. As of 1956, the project 
has not received Congressional authorization but there has been a renewed 
interest shown in construction of the works. 
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CONTROL OF RIO GRANDE BY UNITED STATES AND MEXICO 


J. C. Bustamante! and J. F. Friedkin,? Members, ASCE 
(Proc. Paper 975) 


SYNOPSIS 


For 1240 miles the Rio Grande forms the boundary between the United 
States and Mexico. Since 1948 when the boundary was established by treaty 
between the two countries, the problems of channel re-alignment, flood con- 
trol, irrigation and power development have been dealt with successfully and 
amicably by a joint commission presently known as the “International Bound- 
ary and Water Commission, United States and Mexico.” The history and ac- 
complishments of the Commission are detailed by the authors who are prin- 
cipal engineers of the Mexican and United States sections, respectively, of 
this body. 


Since the Treaty of Peace, Friendship and Limits concluded February 2, 
1948, which established the middle of the Rio Grande as the portion of the 
boundary between the United States of America and the United Mexican States, 
from El Paso, Texas - Juarez, Chihuahua to the Gulf of Mexico, the two 
governments have jointly accomplished a record long and unique among na- 
tions for practical solution of the mutual engineering problems of the two 
countries as they have arisen on this river. 

In its 1240-mile course, which forms the boundary, the Rio Grande mean- 
ders through a series of alluviated valleys separated by canyon reaches, and 
finally the rich deltaic lands of the Lower Rio Grande Valley. At the time of 
the 1848 Treaty, the river, then in practically its virgin state, probably dis- 
charged an average of about eight million acre-feet annually to the Gulf, 


Note: Discussion open until October 1, 1956. Paper 975 is part of the copyrighted 
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1. Prin. Engr., International Boundary and Water Comm., U. S. and Mexico, 
Mexican Section, Ciudad Juarez, Chihuahua, Mex. 
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Flows varied from almost annual lows of a few hundred second-feet during 
the spring seasons, to relatively frequent floods during the summer and fall 
seasons which spilled out of the channel, to rare floods in the same seasons 
of more than one million second-feet which covered the alluvial valleys and 
the delta lands. The river carried an average of more than twenty million 
tons of silt annually at the head of its delta. Its meanders were continuously 
modified by slow erosion of the channel banks, and at times of flood avulsive 
changes occurred in the river’s course. 

In 1848 there were along the river only sparse settlements, some scattered 
ranches, and a few isolated tracts under irrigation. There was no concern as 
to changes in the river’s meanders, nor as to floods overflowing its banks. 
There was, of course, no need for river regulation works nor determination 
of the respective national rights to the waters of the river. The principal 
concern at that time was use of the river for navigation; and to preserve this 
use the Treaty provided that the river throughout its boundary course shall 
be free and common to the vessels and citizens of both countries, and that 
neither country shall, without the consent of the other, construct any works 
which may impede or interrupt navigation. 

The first joint engineering by the two Governments was the survey author- 
ized by the 1848 Treaty, “In order to designate the boundary line with due 
precision, upon authoritative maps, and to establish upon the ground land- 
marks which shall show the limits of both republics.” This survey, conducted 
under the direction of a United States Commissioner and a Mexican Commis- 
sioner, appointed by their respective Governments, was completed in 1852. 
In the performance of this work the survey parties were escorted by troops 
from the armies of the two nations for protection against hostile Indian bands 
along the border. 


The 1884 Treaty 


In the years following, settlers of the two countries began to occupy lands 
adjoining the Rio Grande in increasing numbers. Serious questions began to 
arise as to the national and private ownership of properties in locations where 
the river shifted its course. In effort to avoid difficulties in this respect, the 
two Governments concluded the Treaty of 1884, wherein it was agreed that the 
dividing line shall forever be that described in the 1848 Treaty and follow the 
center of the normal channel notwithstanding any alterations in the banks or 
in the course of the river, provided that such alterations be effected by natur- 
al causes through the slow and gradual erosion and deposit of alluvium and 
not by the abandonment of an existing river bed and the opening of a new one. 
The 1884 Treaty provided further that any other change wrought by the force 
of the current, whether by the cutting of a new bed, or when there is more 
than one channel by the deepening of another than that which marked the 
boundary at the time of the survey, shall produce no change in the dividing 
line as fixed by the boundary surveys in 1852. 


Establishment of the International Boundary Commission 


To facilitate the carrying out of the principles contained in the Treaty of 
1884, the two Governments by Treaty in 1889 created the International Bound- 
ary Commission; and entrusted the Commission with exclusive jurisdiction 
over “All differences or questions that may arise on that portion of the 


q 
q 
. 
a 
| 
i 
' 
j 
| 


ASCE BUSTAMANTE - FRIEDKIN 975-3 


frontier between the United States of America and the United States of Mexico 
where the Rio Grande and Colorado River form the boundary.” The Commis- 
sion as then established, consisting of a United States Commissioner appointed 
by the President of the United States of America, and a Mexican Commissioner 
appointed by the President of the United States of Mexico, with their respective 
staffs, has since been maintained in substantially its same form and has been 
charged by treaty obligation and by national laws in each country with increas- 
ing responsibility to cooperatively work out the common engineering problems 
arising along the boundary. 


Treaty of 1905 


As a result of its surveys relating to changes in the fluvial boundary, the 
Commission observed that there is a typical class of changes effected in the 
bed of the Rio Grande, in which, owing to slow and gradual erosion, coupled 
with avulsion, the river abandons its old channel, separating from it small 
portions of land known as “bancos” which are bounded by the old river bed, 
and which, according to the terms of the 1884 Treaty, remained subject to the 
dominion and jurisdiction of the country from which they have been separated. 
It was found that the application of those terms, which would result in numer- 
ous cases of one country having sovereignty over segregated portions of land 
on the side of the river of the other country, rendered more difficult instead 
of simplifying solution of controversies arising from changes in the boundary. 
To avoid such difficulties the two Governments by Treaty in 1905 agreed that 
the boundary line shall follow the center of the normal channel of the river 
and the dominion and jurisdiction over such portions of land as are segregated 
from one side of the river and attached to the other as a result of slow and 
gradual erosion coupled with avulsion, shall pass to the country to which the 
land becomes attached. The Treaty excepted from this rule portions of land 
segregated which have an area of over 618 acres (250 hectares) or a popula- 
tion of over 200 souls. Under this treaty, the Commission has settled 219 
cases involving the formation of bancos on the Rio Grande, the most recent 
being one which formed in 1954 near Del Rio, Texas, incident to the great 
flood in that year. 


The Treaty of 1906 


By the 1880’s irrigation had developed along the Rio Grande in the El Paso- 
Juarez Valley to the point that shortages of water in the river became seri- 
ous, and as a consequence, the question of the national ownership of the waters 
in that area became imminent. The situation led to the first treaty between 
the United States and Mexico for distribution of waters of the Rio Grande be- 
tween the two countries—the Treaty of 1906. Therein it is provided that after 
completion of Elephant Butte Dam on the Rio Grande the United States shall 
annually deliver to Mexico 60,000 acre-feet in the bed of the river at the 
heading of the main Mexican canal just above the City of Juarez; with the un- 
derstanding that in case of extraordinary drought or serious accident to the 
irrigation system in the United States, the amount delivered to the Mexican 
canal shall be diminished in the same proportion as the waters delivered to 
lands under the irrigation system in the United States. The terms of this 
treaty, dividing the waters of the river above Ft. Quitman, became effective 
in 1916 when Elephant Butte Dam was completed, and are administered by the 
Commission. 
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Lower Rio Grande Flood Control Project 


By the 1920’s urban and agricultural developments along the Rio Grande in 
its delta, known as the Lower Rio Grande Valley, had grown to the point that 
floods in the river caused serious damage to properties in both countries. 
Solution of this flood problem required coordinated protective works in the 
two countries; and in 1930 the two Governments instructed their respective 
Boundary Commissioners to develop an international plan for flood control in 
the Lower Rio Grande Valley. The plan, prepared jointly by the United States 
and Mexican Sections of the Commission, was approved by the two Govern- 
ments in 1932, authorizing the Lower Rio Grande Flood Control Project. This 
project extends from the town of Penitas, Texas, to the Gulf of Mexico, a dis- 
tance of about 180 river miles. Upon completion it will provide protection 
against river floods for the cities and communities in the valley, in both coun- 
tries, aggregating a population of about 600,000, and including Brownsville, 
Harlingen, and McAllen, Texas, and Matamoros and Reynosa, Tamaulipas; 
and for the approximately one million acres of lands presently irrigated on 
both sides of the river in the valley. 

The completed portions of the project, constructed through the United 
States and Mexican Sections of the Commission with each performing the 
work on its side of the river, include a system of levees skirting the wide 
meandering loops of the channel to form a river floodway, and leveed interior 
floodways in both countries located along natural depressions through which 
flood waters in excess of the capacity of the river floodway are conducted to 
separate outlets to the Gulf. The project when completed is designed to pro- 
vide protection against a flood of 187,000 second-feed in the river at the head 
of the valley. In the event of such a flood flow, it is contemplated that 112,000 
second-feet will be transported to the Gulf through the interior floodways in 
the United States, and 45,000 second-feet through the interior floodways in 
Mexico, leaving 30,000 second-feet in the river as it passes the border cities 
of Brownsville and Matamoros, where the capacity of the river is limited to 
that rate of flow. 

The Marte R. Gomez dam constructed by Mexico on the Rio San Juan in 
1943, and the Falcon dam constructed by the two Governments through the 
Commission in 1953, contribute to the regulation of floods in the Lower Rio 
Grande. 

Appurtenant to the Lower Rio Grande Flood Control Project and of interest 
from the river regulation standpoint are the installations of woven wire mesh 
revetment along caving banks where developed properties are threatened with 
destruction or serious damage. These installations, consisting of a series of 
woven wire mesh fences built transverse to and sloping out from the high 
bank into the stream, have been generally successful in alleviating bank ero- 
sion through retarding the current and causing deposition along the caving 
banks. 


Rio Grande Rectification Project 


In the El Paso-Juarez Valley, surveys in the 1920’s showed that due to the 
high degree of regulation of natural flow, the channel of the Rio Grande had 
diminished in capacity to the extent that infrequent uncontrolled floods 
threatened not only the irrigated lands on both sides of the river, totaling 
about 100,000 acres, but also the adjoining border cities of El Paso, Texas 
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and Juarez, Chihuahua which presently have a combined population of about 
350,000. Moreover, with the deterioration of the channel each flood threatened 
to cause major changes in the course of the river, and hence the boundary, in 
this highly developed valley. Recognizing that solution to this problem re- 
quired the cooperative effort of both countries, the two Governments in 1927 
instructed the respective members of the International Boundary Commission 
to jointly develop a plan for remedial works. The recommended plan, provid- 
ing for rectification of the Rio Grande through the El Pase-Juarez Valley, was 
approved by the two Governments and by Treaty in 1933, they resolved to con- 
struct the recommended works. 

This project, constructed jointly through the United States and Mexican 
Sections of the Commission in the years 1934 to 1938, straightened the Rio 
Grande and the boundary, from its former tortuous length of 155 miles 
through the El Paso-Juarez valley, to a length of 88 miles. Of special inter- 
est, the straightening was effected by excavating a new channel across the 
bends of the old river in such manner that the area of lands cut off from the 
United States and attached to Mexico equalled the area of lands cut off from 
Mexico and attached to the United States. The rectified channel consists of a 
floodway about 600 feet in width bounded by levees and containing a pilot 
channel which carries the normal flows in the river. The design capacity of 
the floodway is 11,000 second-feet. To assure stabilization of this straight- 
ened section of the river boundary, it has been found necessary, as a part of 
maintenance, to revet with riprap about 60% of the length of the banks of the 
pilot channel. As a part of the rectification project flood control storage was 
provided on the river at Caballo dam about 110 miles above El Paso-Juarez. 


Rio Grande Canalization Project 


In 1936, the Congress of the United States of America authorized construc- 
tion, operation and maintenance by the United States Section of the Commis- 
sion of a project to canalize the 110-mile reach of the Rio Grande from 
Caballo dam to El Paso, in order to facilitate compliance with the Treaty of 
1906, and to properly regulate and control the water supply for use in the two 
countries as provided by that Treaty. The construction of this project, known 
as the Rio Grande Canalization Project, was undertaken in 1938 and largely 
completed in 1943. It provides a relatively straight floodway channel varying 
from 400 to 1,000 feet in width, bounded by levees, which generally follows 
and contains the alignment of the old normal flow channel. Within the flood- 
way, the old channel has been straightened and narrowed to some extent by 
excavating a new channel but for the most part by the river itself, guided and 
abetted by the construction of rock-armored earth jetties. When the channel 
reaches the desired alignment and width, its banks are revetted with riprap. 
The normal flow channel which carries the irrigation waters released from 
storage in Elephant Butte and Caballo reservoirs for lands in the United 
States and the 1906 Treaty deliveries to Mexico, has a capacity of about 2,500 
second-feet. The floodway, including the normal flow channel, has a capacity 
varying from 12,000 to 22,000 second-feet; the higher capacities obtain near 
the mouths of large tributary arroyos which are the source of the maximum 
floods in the area. 
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The 1944 Water Treaty 


In the 1930’s irrigation uses by the two countries along the Rio Grande be- 
low Ft. Quitman, increased to the extent that the ordinary flows in the river 
were insufficient during the growing seasons, while annually an average of 
about three million acre-feet, largely flood waters, wasted to the Gulf of 
Mexico. It became abundantly clear that equitable division between the two 
countries of the waters of the river was urgently needed, and that storage 
dams to regulate the flood and other flows which wasted to the Gulf, were es- 
sential to sustain existing uses and permit development of any further feasible 
uses. Concurrently there developed need for equitable division of the waters 
of the Colorado River, which forms the international boundary for a distance 
of about 20 miles between the States of Arizona and Baja California, and of 
the Tijuana River which sources partly in each country, flows from Mexico 
into the United States near Tijuana, Baja California, and discharges into the 
Pacific Ocean. 

Recognizing these needs and taking into account that the prior treaties 
regulated the waters of the Rio Grande and Colorado River for purposes of 
navigation only, the two Governments concluded the Water Treaty of 1944, 
which fixed and delineated the rights of the two countries with respect to the 
waters of the Rio Grande below Ft. Quitman, and of the Colorado River; pro- 
vided for the storage and diversion works to obtain the most satisfactory and 
complete utilization thereof; and provided for studies and investigations look- 
ing to equitable division and maximum feasible utilization of the waters of the 
Tijuana River. 

The Treaty provides that the application of its terms and the regulation 
and exercise of the rights and obligations which the two Governments assumed 
thereunder, are entrusted to the International Boundary and Water Commis- 
sion, United States and Mexico (formerly the International Boundary Commis- 
sion). This Commission, as re-established, consists of a United States Sec- 
tion and a Mexican Section, each headed by an Engineer Commissioner, with 
the former Section operating under the policy supervision of the Department 
of State of the United States and the latter under the similar supervision of 
the Ministry of Foreign Relations of Mexico. 


Division of the Waters of the Rio Grande 


Of the waters of the Rio Grande from Ft. Quitman to the Gulf of Mexico, 
the 1944 Treaty allotted to Mexico: all of the waters of its tributary San 
Juan and Alamo Rivers including the return flows from the lands irrigated 
from these two rivers which reach the RioGrande below the lowermost feas- 
ible reservoir site on the main channel; two-thirds of the contributions from 
its tributary Conchos, San Diego, San Rodrigo, Escondido and Salado Rivers 
and Las Vacas Arroyo, which enter the river above the lowermost reservoir 
site; and one-half of all other flows in the main river below Ft. Quitman, not 
otherwise allotted. 

The Treaty allotted to the United States: all the contributions to the Rio 
Grande from its tributary Devils and Pecos Rivers, Goodenough Spring, 
Alamito, Terlingua, San Felipe and Pinto Creeks; one-third of the contribu- 
tions from the named Mexican tributaries above the lowermost reservoir site 
on the Rio Grande with the understanding that the amount shall average not 
less than 350,000 acre-feet annually; and one-half of all other flows in the 
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main river below Ft. Quitman not otherwise allotted. 

Determination of the national ownership of waters pursuant to the 1944 
Treaty allocations requires measurement and recording of the contributions 
to the Rio Grande, the quantities of water in the river and the diversions 
therefrom, in a manner mutually acceptable to both countries. To meet this 
requirement, the Treaty provides that the Commission shall jointly construct 
and operate on the Rio Grande and each Section shall construct and operate 
on the principal tributaries in its own country the stream gaging stations 
necessary for the accounting of the waters. Accordingly, the two Sections of 
the Commission maintain an extensive joint stream gaging program on the 
Rio Grande. 


International Storage Dams Program 


To effect maximum feasible utilization by the two countries of the waters 
of the Rio Grande within the specified allotments, the two Governments agreed 
in the 1944 Treaty to construct jointly through their respective Sections of the 
Commission, three major storage dams on the main channel of the river for 
the conservation and regulation of its flows. It is provided that the cost of 
construction, operation and maintenance of each of the storage dams shall be 
prorated between the two Governments in proportion to the capacity allotted 
to each country for conservation purposes in the reservoir at each dam. The 
Treaty further provides, subject to the approval of the two Governments, for 
the construction of hydroelectric plants as may be feasible at the internation- 
al storage dams on the Rio Grande, the cost of which shall be divided equally 
between the two Governments and the energy generated assigned to each 
country in like proportion. 


Falcon Dam and Power Plant 


The Commission began construction in 1950 of the first international stor- 
age project on the Rio Grande—the Falcon Dam and Power Plant, located 
about 75 miles downstream from Laredo, Texas—Nuevo Laredo, Tamaulipas 
and about 50 miles upstream from the Lower Rio Grande Valley. The dam, 
completed in 1953, is a 5-mile long compacted earth and rockfill structure 
with a maximum height of 150 feet, and will impound waters to form a lake 
approximately 60 miles long and up to 11 miles wide when filled to its capac- 
ity of 4,085,000 acre-feet. This total capacity is made up of 2,100,000 acre- 
feet of conservation storage and 300,000 acre-feet of silt storage, both divided 
58.6% to the United States, and 41.4% to Mexico, and 1,685,000 acre-feet of 
flood control storage in which each country has an undivided interest. The 
project includes two identical power plants, one on each side of the river, 
with a capacity of 31,500 kilowatts for generation of hydroelectric energy in- 
cident to releases of water by the two countries for domestic and irrigation 
purposes. (See article on construction of Falcon Dam by C. M. Ainsworth, 
M. ASCE, in CIVIL ENGINEERING, May 1951, p. 38.) 

At the Dedication of Falcon Dam on October 19, 1953, the President of the 
United States of America, Dwight D. Eisenhower, stated: 


“More than a mute monument to the ingenuity of engineers, this Falcon 
Dam is living textimony to the understanding and the cooperation bind- 
ing our two peoples.” 
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And the President of the United Mexican States, Adolfo Ruiz Cortines, stated: 


“Falcon Dam symbolizes, in a most special way, the desires of our two 
countries to unite their efforts in this sphere of cooperation which their 
neighborhood makes imperative, to facilitate—and if possible to 
accelerate—the forward march of social and economic progress.” 


Since storage began in Falcon reservoir in August 1953, its regulation of 
flood waters has thrice averted serious shortages of water for the approxi- 
mately 1,000,000 acres of irrigated land in both countries in the Lower Rio 
Grande Valley. (See article on irrigation development in Mexico by J. C. 
Bustamante, M. ASCE, in CIVIL ENGINEERING, May 1951, p. 42) In July 
1954, the reservoir contained the maximum flood of record on the Rio Grande, 
which originated on the Pecos and Devils Rivers and had a peak discharge of 
about 1,100,000 second-feet at Del Rio, Texas-Ciudad Acuna, Coahuila, saving 
the Lower Rio Grande Valley from disastrous losses. Had the dam not been 
built, the magnitude of the flood in the Lower Valley would have far exceeded 
the design capacity of the flood protective levees in that area. On the United 
States side alone damages would have been in the order of 55 million dollars. 
In addition, the regulation of this flood provided a full water supply for the 
irrigated lands downstream in both countries during the past year. Studies 
indicate that the operation of Falcon Dam and reservoir will reduce the aver- 
age annual quantity of water which formerly wasted to the Gulf—nearly 
3,000,000 acre-feet, to about 800,000 acre-feet. Since the beginning of opera- 
tion of the power plants at Falcon in October 1954, more than 260 million 
KWH have been generated. 


Additional International Control Works Needed on the Rio Grande 


Completion of the Lower Rio Grande Flood Control Project is needed to 
provide the high degree of flood protection warranted by the densely populated 
urban centers and extensive irrigated lands in both countries in the delta of 
the river. Its completion requires principally the construction of a gated con- 
trol dam in the river channel to assure the design use of the interior flood- 
ways to transport to the Gulf flood waters in excess of the river’s capacity. 
The two Governments have authorized and appropriated funds for such a 
structure, referred to as the Anzalduas Dam. Plans for this structure have 
been completed, agreed upon by the Commission and approved by both 
Governments; and construction will be undertaken through the two Sections of 
the Commission during the current year. The dam will be located just below 
the inlet to the Mission floodway in the United States and about 5 miles up- 
stream from the border cities of Hidalgo, Texas and Reynosa, Tamaulipas. 

It will consist of a reinforced concrete structure containing 6 roller gates, 
each 75 feet long and 21 feet in height, which, with the piers, will span the 
channel width—525 feet. The estimated cost of the structure is about 5 mil- 
lion dollars which will be divided equally between the two Governments. 

With continued proper maintenance of the Rio Grande Rectification Project, 
including stabilization of the channel banks with riprap revetment, the inten- 
sive urban and irrigation developments in both countries in the El Paso- 
Juarez Valley are assured of a high degree of protection against river floods 
as well as a stable boundary. 

The limitrophe portion of the Rio Grande is still uncontrolled, however, 
from the lower end of the Rectification Project near Ft. Quitman to Falcon 
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reservoir near Laredo-Nuevo Laredo, a distance of about 800 river miles. 
In this uncontrolled section the most important developments in the two coun- 
tries are situated in the 200-mile reach from the mouth of Devils River to 
Falcon reservoir, wherein are located the adjoining border cities of Del Rio- 
Ciudad Acuna, Eagle Pass-Piedras Negras, Laredo-Nuevo Lardeo, aggregat- 
ing a population of about 300,000 and irrigated lands in the two countries to- 
taling about 80,000 acres. This reach lying below the mouth of the Pecos and 
Devils Rivers, the sources of the greatest floods in the Rio Grande, is subject 
to such devastating damages as occurred incident to the record 1954 flood, 
when many lives were lost and property losses amounted to more than 20 
million dollars. 

Plans are currently being prepared by the Commission for control of this 
reach of the Rio Grande. They contemplate construction of the second major 
storage dam on the main channel at the dam site, referred to as the Diablo 
site, located about one mile below the mouth of the Devils River, under the 
international storage dams program authorized by the 1944 Treaty. The pro- 
posed Diablo Dam would regulate to the capacity of the channel downstream 
all floods of record at the dam site, including the unprecedented 1954 flood. 

It would, in combination with the Falcon Project, regulate flood waters to the 
extent of permitting almost complete utilization of the waters of the Rio 
Grande by the two countries. Incidental to these purposes, the Diablo Dam 
would permit generation of a large block of hydroelectric energy. 

In the remaining 600 miles of the uncontrolled section of the Rio Grande, 
from Ft. Quitman to Del Rio-Ciudad Acuna, its course is through a series of 
canyons, including those in the Big Bend region, and intervening narrow val- 
leys where some irrigation is practiced. The developments are not extensive 
except in the Presidio Valley where about 20,000 acres are under cultivation 
in the two countries. This area is subject to flood damages and suffers 
shortages of water during drought periods. 

To the famed canyons of the Big Bend region, the total fall in the river’s 
profile is over 1,600 feet, and a number of dam sites exist in the almost ver- 
tical rock walled incisions cut by the river to depth of as much as 2,000 feet. 
There is the potential development in this reach of a series of dams for gen- 
eration of large blocks of hydroelectric energy for use in the two countries. 


Direction of the International Program 


The long-term and specific program adopted in treaties between the 
Governments of the United States and Mexico and entrusted to the Interna- 
tional Boundary and Water Commission, for practical and mutually beneficial 
solution of the joint engineering problems along the 1935 miles of common 
boundary, including the Colorado River and the land boundary as well as the 
Rio Grande, is being carried on under the direction of Leland H. Hewitt, 
Commissioner of the United States Section, and David Herrera Jordan, 
Commissioner of the Mexican Section of the Commission. 
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SYNOPSIS 


Progressive beach erosion at Virginia Beach, Virginia, resulted in a criti- 
cal impairment of that resort city’s economy. A program of beach restora- 
tion and maintenance was undertaken in 1951, to carry out recommendations 
of the Corps of Engineers and U. 8. Beach Erosion Board. The essential fea- 
tures of the program were initial restoration by direct placement of sand 
throughout, and continued maintenance by periodic replenishment at certain 
locations. The barrier effect of a nearby tidal inlet on the alongshore drift, 
and thus on beach erosion was studied. The necessity and feasibility of trans- 
porting a fraction of the beach material carried in the alongshore drift across 
the inlet barrier to nourish the downdrift beach were determined. 

This paper sets out the criteria developed for the design of a sand by-pass- 
ing system to accomplish this transport, and describes the system and its 
operation. 


INTRODUCTION 


In September, 1951, a large scale program of restoration and maintenance 
of the city’s badly eroded ocean beach was undertaken at Virginia Beach, Va. 
The program was designed to carry out recommendations of the U. 8. Beach 
Erosion Board and the Corps of Engineers, formulated as a result of the study 
begun in 1948. In brief, these recommendations contemplated initial restora- 
tion by the direct placement of sand in the problem area, and maintenance by 
periodic replenishment. The program is now in the maintenance stage, the 
initial restoration having been completed in July 1953. 

The program is administered by a Commission, created by an Act of the 
General Assembly of Virginia, and is financed by funds made available in part 
by the City of Virginia Beach, and in part by the State and Federal Govern- 
ments. 


Note: Discussion open until October 1, 1956. Paper 976 is part of the copyrighted 
Journal of the Waterways and Harbors Division of the American Society of Civil 
Engineers, Vol. 82, No. WW3, May, 1956. 

1. Chf. Engr., Myron Sturgeon Engrs., Norfolk, Va. 

2. Cons. Engr., Norfolk, Va. 
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Virginia Beach is an important resort community, situated on the Atlantic 
Ocean 5 miles south of Cape Henry. The problem area comprises the entire 
segment of beach within the corporate limits, approximately 3 miles in length. 
Just at the south corporate limit, a small headland stream, known as Owl’s 
Creek, discharges into the ocean through Rudee Inlet. Dredging operations 
in the lower reaches of the Owl’s Creek estuary, known as Lake Wesley and 
Lake Rudee, provided the material used in the initial beach restoration and 
in periodic maintenance to date. Fig. 1 shows some of these features. 

In its natural state, the inlet interfered in some degree with the alongshore 
drifting of sand upon which the beach in the problem area was dependent for 
any measure of stability. As a result of the dredging operations, this inter- 
ference was considerably increased. To compensate for it, the sand by-pass- 
ing system was designed and is now in successful operation. 


Tidal Inlets 


In dealing with problems of beach preservation and erosion control along 
the Atlantic Coast from Long Island to the Carolinas, the Coastal Engineer 
will almost inevitably be confronted with those special problems which are 
created by a tidal inlet. From Cape Henlopen to Cape Fear only, there are 
34 such inlets, not counting the Chesapeake Bay entrance. Fig. 2 shows 17 
of them between Cape Henry and Cape Fear. Most of them exhibit the sys- 
tematic characteristics of interconnections between the ocean and one or 
another of the great sound systems. In addition to tidal flows, they must ac- 
commodate the seaward passage of large portions of the coastal plain drain- 
age. Tidal flows may be of the order of 100,000 to 200,000 c.f.s., as at Oregon 
Inlet, one of the larger of the Carolina sound inlets; or 15,000 to 25,000 c.f.s., 
as at Moore Inlet, one of the lesser of the same system. 

In general, several such inlets provide circulation and drainage within a 
single sound system. The partial or complete closing of one by a great storm 
will alter the hydraulics of another temporarily. The natural balance of these 
systems and the related shore forms is sensitive to immediate forces, but, 
in the long range, is fairly permanent, at least in the historical context. The 
typical inlet, while exhibiting migratory tendencies in response to changing 
conditions of waves, winds, and tides, may be a relatively stable feature. As 
an example, surveys at Oregon Inlet from 1852 to 1917 show that it migrated 
southward 1.2 miles in that period of 65 years. On the other hand, when 
Francis Drake visited Raleigh’s Roanoke Colony in 1585, his ships anchored 
at sea off an inlet. According to the account of one Francis Pretty, who ac- 
companied the expedition, the Governor’s Fort in Roanoke Island lay north- 
westward about 6 leagues from the inlet. The water distance from the site of 
the now restored Fort to the present day Oregon Inlet is just about 19 statute 
miles. If the “league” is given its probable meaning of about 3 statute miles, 
it seems reasonable to suppose that for 370 years at least, Oregon Inlet has 
been about where it is now, within a mile or two. 

With few exceptions, the Virginia and Carolina inlets conform to the classi- 
cal pattern of inlet origins related to the barrier beach and lagoon forming 
processes. 

Rudee Inlet appears to be one of the notable exceptions. 
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Rudee Inlet is probably the smallest of the Atlantic Coast Inlets. It is not 
related to any existing sound system, being merely the mouth of the small 
estuary of Owl’s Creek. The total area of the estuary is about 200 acres and 
most of this is tidal marsh. The Owl’s Creek watershed is about 4 square 
miles. Within the normal range of tides, (3.0 feet), and even in periods of 
heavy rainfall, the ratio of sea water to fresh water in the tidal prism on the 
ebb tide will be not less than 4. When the tidal range exceeds 3 feet the ratio 
increases sharply, and when a tidal rise of 6 feet above Mean Low Water is 
reached, as it is occasionally, and the run-off is low, the fresh water compo- 
nent of the following ebb tide is virtually eliminated. Thus, it is the tidal 
currents which preserve the inlet, and which, under the influence of the along- 
shore current, regulated its migration in the natural state. 

The province in which the inlet and the problem area are situated is influ- 
enced by the Chesapeake Bay entrance. Nearly always, a northward moving 
inshore current is observed, counter to the generally prevailing southward 
current along the Virginia and Carolina coasts, and the alongshore drift of 
beach material is dominantly northward. Thus, Rudee Inlet is usually updrift 
of Virginia Beach, and the latter is sensitive to the sand barrier effect of the 
inlet. 

Estimates based on surveys from 1948 to 1953 indicate that the transport 
of beach material out of the problem area, mostly by alongshore drifting, is 
between 120,000 and 145,000 cubic yards per year. 

During the same period, surveys and observation indicated that quantities 
of 50,000 to 95,000 cubic yards per year passed the inlet and entered the prob- 
lem area. The resulting deficiencies of 50,000 to 70,000 cubic yards per year 


led to the progressive deterioration of the beach prior to the initial restoration. 


This is not to say, however, that the barrier effect of the inlet in its natural 
state created the whole deficiency. For long periods each year, particularly 
in Summer, tidal flows in the inlet are so small as to have only a minor effect 
on alongshore sand drift. Up to now, no means have been found to measure 
the quantitative barrier effect with much certainty. Conclusive evidence of 
this effect is seen, however, in the condition of the downdrift beach. 

Dredging operations in the estuary inside the inlet during the initial resto- 
ration increased tidal flows substantially in the normal tide range. For con- 
ditions of extreme high tide, usually associated with a northeast wind set-up, 
the increase in tidal flows resulting from the dredging operation was not sig- 
nificant. Fig. 3 shows the relationships of the tidal prism before and after 
the dredging operation, the tidal prism being computed as the intertidal volume 
in the estuary. Stream gauging in the inlet has on occasion given conformable 
results. In general, however, stream gauging provides less acceptable data 
for this case than intertidal volume measurement, the inlet cross-section 
being extremely sensitive to flow demands and varying from day to day. 

Fig. 4 shows such variation. On the other hand, the estuary is so small as 
to permit volumetric measurements and computations without excessive labor. 

Immediately following the initial dredging operation the inlet was stabilized 
by means of two short stone jetties and connected bulkheads. This construc- 
tion was for the purposes of preventing destructive migration of the inlet, 
facilitating future dredging operations for beach maintenance, and ultimately 
providing collateral benefits by permitting the creation of a harbor for small 
boats. 


é 
ASCE 976-3 
4 
{> 
4 
= 
vt 
is 
Se? 
Ge 
4 
We 


ww 3 
The By-Passing System 


May, 1956 


Having established the barrier effect of the inlet in its natural state; having 
projected a dredging operation which would occasionally increase tidal flows 
in the inlet and thereby increase this effect; and having planned the construc- 
tion of two short jetties to arrest inlet migration and to facilitate the entrance 
of dredging equipment from the ocean, thereby further tending to increase the 
barrier effect, it became necessary to consider the economics of transporting 
intercepted drift material across the inlet barrier. 

The processes involved in such transport have become fairly well estab- 
lished in this country and elsewhere, and the term “by-passing” has come to 
have a general definitive meaning when associated with alongshore drifting of 
beach material at tidal inlets. Most generally the by-passing is accomplished 
by means of hydraulic dredging equipment, either of the conventional floating 
type or of a specially designed, shore-mounted type. The latter may con- 
veniently be referred to as the fixed dredging plant. 

Factors determining the selection of the shore-mounted type, for this case, 
were: 


a) The conditions of exposure, which do not favor the operation of floating 
equipment in the near-shore area. 

b) The small quantities of material in the annual drift, which preclude the 
efficient use of large floating equipment. 

c) The variable rate of drifting, as a result of which long periods of equip- 
ment idleness may be expected to occur. 


Prototypes of the fixed dredging plant are found at South Lake Worth Inlet, 


Florida; at Salina Cruz, Mexico; and at Durban, South Africa. The functional 
demands on these plants and their performance as they have been related to 
the writers, and on the Rudee Inlet plant as developed by the writers, are 
summarized as follows: 


Annual 
By- Passing 
Cubic 


Annual _ 
Drift 
Cubic 


Primary Secondary 


Plant 
South Lake 
Worth Inlet 


Salina Cruz 


Rudee Inlet 


Function 


Maintenance 
of Downdrift 
Beach 


Maintenance 
of Harbor 
Entrance 


Maintenance 
of Harbor 
Entrance 


Maintenance 
of Downdrift 
Beach 


Function 


Maintenance 
of Inlet 
Channel 


Maintenance 
of Inlet 
Channel 


Yards 


200,000 


1,046,000 


500,000 


70,000 


Yards 


80,000 


Unknown 


200,000 


95,000 
(Design) 
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It will be seen that, in every case except that of Rudee Inlet, the alongshore 
drift is abundant, and the plants have to handle only a portion of such drift. 

At Rudee Inlet, the average annual drift quantity, for design purposes, was 
taken as 95,000 c.y., thus establishing a relatively small facility. Observa- 
tion had shown that, not considering storm periods, a wide diversity of drift 
rate would be found; and that an appropriate diversity factor for most condi- 
tions would be 4. It was concluded that no attempt should be made to deal 
with the very large rates of drift which sometimes accompany great storms, 
because of the disproportionately large capital outlay which would be re- 
quired; because the plant would probably be inoperative in such storms; and 
finally, because in such storms the direction of sand movements might very 
well be reversed. 

With a diversity factor of 4 the maximum daily quantity for design is 
1,040 c.y. Consistent with the small scale of the entire problem, it was de- 
sired to limit the operating force to about three men, and to operate a single 
8-hour shift so far as possible. It was clear that the highest rates of drift 
would not prevail for more than a few days at a time, and that continuous 
operation could be maintained for these periods, if necessary, with the small 
force. 

Accordingly, the pump capacity was fixed on the basis of the following 
factors: 


a) The maximum daily drift to the accretion area within which the dredge 
is operable would be 1,040 c.y. 

b) All of this drift might be intercepted and handled by the by-passing 
plant, under certain conditions. 

c) The maximum effective operating time per day for short periods would 

be 20 hours. 


From these considerations a pump capacity of 50 c.y. of solids per hour 
was taken. 

Fairly comprehensive studies of beach behavior in the downdrift segment, 
a detailed discussion of which is not within the scope of this paper, had shown 
the existence of an area of especially severe erosion, centered 4,000 feet 
northward (downdrift) from Rudee Inlet. Beach material deposited in this 
area is eroded at an abnormally high rate, and transported downdrift, where 
it serves to maintain a condition of general beach stability. This is a feeder 
area, in which periodic replenishment is made. On the other hand, from this 
feeder area to Rudee Inlet, the beach depends for stability upon sand drift 
passing the inlet from the South. This drift is quantitatively adequate to sat- 
isfy the requirements of the beach for about 2,000 feet downdrift from the 
inlet. It is not adequate to satisfy the requirements of the segment charac- 
terized as the feeder area. This area must be replenished periodically from 
sources outside the beach zone. Therefore, no reason was seen for extend- 
ing the discharge line from the by-passing plant to it. At the same time, it 
was not feasible to discharge material in too close proximity to the inlet, 
because occasional reversals of drift could transport recently deposited ma- 
terial southward into the inlet, thus defeating the purpose of the operation. 
Moreover, certain limitations were imposed by the seasonal uses and occu- 
pancy of various segments of the beach. All these considerations favored 
discharging from the by-passing plant in a segment between 1,000 and 2,000 
feet north of the inlet. 2,000 feet was taken as the design length of the dis- 
charge line. 
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Anticipating the occasional necessity of handling fairly coarse sand, having 
a median grain size up to 0.5 mm, a relatively high velocity flow in the dis- 
charge line was desired. Modern practice in the selection of hydraulic dredg- 
ing equipment favors velocities of about 13 feet per second. Increased effi- 
ciency will be found to compensate for increased wear in discharge piping. 

Head losses in discharge pipes of 6", 8’, and 10" diameters were plotted 
against discharges expressed as cubic yards of solids per hour. The 8" pipe 
fits comfortably the conditions of velocity 10 to 15 feet per second, percent 
solids 5 to 15, and rate of solids discharge 40 to 60 cubic yards per hour. 

The total head loss through the 2,000 feet of discharge will range from 100 to 
200 feet depending upon the character of the material being handled at any 
time. The pump selected for this service was an 8"' heavy duty dredging pump 
capable of discharging 1880 GPM against a TDH of 193 feet. For the design 
conditions, the efficiency of this pump is a little low, and a 6 inch pump might 
be satisfactory for the service. For this case, however, some sacrifice of 
efficiency was considered to be justified by a little reserve of pump capacity, 
and by a pragmatic prejudice against too small pumps for dredging. 

In the selection of power sources for the main dredging pump and auxiliary 
equipment, only the most cursory consideration was given to electric motors. 
It was considered mandatory that the entire facility be made as nearly invul- 
nerable to storm damage as could be. Accordingly, diesel power was selected 
for the main engine and gasolene or diesel for the auxiliary engines, the option 
being given to the suppliers. 

The equipment components were procured following competitive bidding on 
a performance specification. Thus, the details of equipment design and ar- 
rangement were left, within fairly narrow limits, to the suppliers. This 
method of procurement of specialized equipment is considered altogether 
satisfactory. 

The general arrangement of the equipment as finally evolved is shown by 
Fig. 5. Housings to protect the equipment and the operators have since been 
added. These were not provided in the original design because it was con- 
sidered that they could be more effectively contrived after a period of opera- 
tion. 

The arrangement shown differs from any of the prototypes previously men- 
tioned. The factors governing this arrangement were as follows: 


a) Private ownership of property abutting the updrift beach (to the South) 
would not admit of any operation which might result in an excessive draw- 
down of sand in the beach zone. This consideration precluded the develop- 
ment of one of the preliminary schemes, in which the dredge operated on a 
modified gantry along the south side of the south jetty, moving inward and 
outward through a range of about 100 feet and excavating a trench through the 
area of accretion, normal to the beach. This arrangement would evidently 
have been somewhat similar to that employed at Durban. 


b) The construction of a cellular structure at or near the end of the south 
jetty, with a suction head or intake operable in the area of accretion, would 
create such scouring currents as to impede the accretion of sand and thereby 
defeat the purpose of the facility. Such a scheme, which was closely ex- 
amined, would have been similar to that employed with considerable success 
at South Lake Worth Inlet. 
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c) Occasional reversals of drift were expected to create a secondary area 
of accretion just inside the head of the jetty, which would impede possible 
future navigation and which would, in any case, represent a restorable loss 
of beach material from the problem area. For this reason, the dredging 
should, if possible, have access to this secondary accretion area. 


d) Finally, the intake head should have the widest possible range consistent 
with the economics of the project, and the permissible size of the facility. 


The adopted arrangement seems to satisfy all these requirements. The 
dredging area is far enough offshore to remove the possibility of damage to 
private property, while still within the normal area of accretion. The open 
platform on which the suction swing machinery is mounted permits accretion 
with a minimum of local current interference. The suction head can be op- 
erated directly in the secondary area of accretion, and can operate on a 46 
foot radius thru 192 degrees of arc; and through a vertical range of 10 feet 
or more. 

The crest of the south jetty is at elevation 8.0 above M.S.L. In storm 
periods waves break over the jetty head. Very little risk of direct wave dam- 
age to the pumping and swinging machinery was anticipated, but it was con- 
sidered advisable to avert, so far as possible, the effects of salt water on the 
machinery. For this reason the main pump and engine and the service pump 
and engine are mounted on a carriage which operates over rails along the top 
of the jetty. In storm periods the suction line is disconnected and the car- 
riage moved to the shore. 

The bottom material underlying the accretion area is a colloidal mud, very 
cohesive, and quite resistant to current scour. This bottom is low enough so 
that no particular need exists for excavating it, and no cutting mechanism is 
required. The sand deposited on this bottom by alongshore drift and wave 
action varies according to prevailing conditions from median grain sizes of 
0.2 mm to 0.5 mm. It was considered that such material would not require 
mechanical agitation and it was desired to eliminate the costly and trouble- 
some cutterhead mechanism. Accordingly, provision was made for a high 
velocity twin water jet to be discharged at the suction intake. The jet pump- 
ing equipment, selected empirically, discharges 300 g.p.m. against a total 
dynamic head of 300 feet. The same pump is connected to the main bearing 
water seal of the dredging pump. 

The entire facility, while especially designed for a unique service, was 
made an uncomplicated as possible in the interest of simplified operation and 
easy maintenance. All pumps and engines are of widely used models, for 
which replacement parts are readily procured. Wire ropes, sheaves, and 
other items of the rigging are all readily available. The structural elements 
are generally of rolled sections. The main pivot assembly is built up of 
structural shapes, no special castings or forgings being used. The facility 
can easily be maintained and entirely rebuilt by the operating personnel. 

The suction piping is 10"' extra heavy steel. Flexibility for horizontal and 
vertical movement is provided by insert sleeves of heavy-duty rubber dredg- 
ing hose. The discharge line is 8" spiral welded steel dredging pipe having a 
wall thickness of 10 gauge, except for the submerged section of the line, 
crossing the inlet. In this location 8"' class 250 cast iron with standardized 
mechanical joints was used. 
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The placing of the submerged section created the only construction prob- 
lem of any consequence. In order to permit future maintenance dredging by 
floating equipment in the inlet, it was required that the submerged line be 
10 feet below M.S.L. At the time the line was installed, the average elevation 
of the bottom was - 2 M. S. L. Thus a trench 8 feet deep was required across 
the inlet. This could not be excavated by means of any dragline or similar 
equipment available, because of the rapidity with which any excavation would 
fill up. The operation required that the entire trench be excavated; that the 
excavating equipment be removed from the inlet; and that the pre-assembled 
section of pipe line be floated into position and lowered into the trench, all 
within a period of approximately 8 hours, depending upon the conditions of 
wind and tide. 

It was possible in this case to utilize a small hydraulic dredge which was 
working inside the inlet at the time the submerged line was to be installed. 
This machine was able to excavate the trench, over-dredging somewhat to 
allow for the filling up which would occur. The cast iron pipe had been pre- 
assembled on the beach inside the inlet, pontoon floats had been attached by 
manilla rope lashings, and the entire section, 162 feet in length, had been put 
afloat. As soon as the trench excavation was completed, the section was 
floated into place, and the lashings were cut away successively from end to 
end. The operation was carried out without mishap. 

The standardized mechanical joint pipe was selected because time had be- 
come a factor of some consequence, and the anticipated delivery time of any 
ball and socket type of joint was not satisfactory. The handling and placing 
a pre-assembled section would obviously involve very wide deflections, and 
the joints would obviously be required to resist longitudinal tension. Stand- 
ardized mechanical joints afford practically no resistance to tension. To 
meet this difficulty, one bolt was left out of each joint, and a continuous length 
of 5/8" # wire rope was threaded through the empty holes from end to end, 
and secured at each end. This arrangement permitted a sufficient amplitude 
of deflection in any plane, while at the same time affording such longitudinal 
restraint that no separation could occur at any joint. These joints, and the 
method of assembly, have proven altogether satisfactory and economical. 

In most other respects the details of the facility conform to those of the 
usual dredging plant of comparable capacity. The suction lift is, of course, 
substantially greater than in a floating dredge. The most effective operating 
range is found with 18 to 22 inches of vacuum on the suction side. 


Operation and Results 


The total period of operational experience with the facility is a little over 
10 months. Thus, conclusive data as to its functional success are not yet 
available. It is clear, however, that the assumed limitations imposed on its 
performance by variable drift rates were valid. The plant has been idle for 
several periods when no accretion took place, and has, on the other hand, 
been able to operate 16 to 20 hours per day for periods when drift and accre- 
tion were abundant. 

The total quantity of sand by-passed in the ten-month period was 28,000 
cubic yards. This represents about fifty percent of the estimated quantity of 
northward drift during that period. Several reasons for this limited produc- 
tion are perfectly clear. During the first four months of operation only two 
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men were employed, and these worked a regular 8-hour shift Monday to Fri- 
day inclusive. Thus, it was impossible to take full advantage of favorable 
conditions. During August, September, and October, additional men were em- 
ployed, and production was greatly increased. The average effective pumping es 2 
time per week during the first 4 months was only a little over 10 hours. In a 
September, on the other hand, it was almost 30 hours. Production varies di- 
rectly as the effective pumping time, of course. 

Despite the present insufficiency of survey data to show the measured ef- 
fects on the downdrift beach and on the inlet channel, the visible results are 
just as expected. 

A program of continuing record surveys in the entire problem area has 
been underway since 1952 and is to be continued indefinitely. 
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